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THE DELL SYSTEM" 310 
20 MH: 386. 

The best cnmhinatujn cif pertonnance 
and value available ill tb class. 

STANDARD FEATURES: 

■ Intel 80386 mtcrtipiticessor nirminfl 
aiZOMH:. 

* Cbnice tif i MB, 2 MB. or 4 MB 

of RAM* expandable to 16 MB (using 
H dedicated bigh-speed 32-bLt memory 
sbt). 

■ Adv^jnccd Intel 82385 C^lic Memory' 
Controller with 32 KB of high speed 
static RAM cache. 

* I^ige motlc interleaved memory 
architecture. 

■ VGA syscem& include a high perform¬ 
ance 16-hit videf I iTilaptcr. 

* picket lor 20 mh Intel 80387 
orZaMUsWETTEK 3167 math 

C^JptDCCSStJT. 

- 5.2 5U. 2 MB or 3.5"!. 44 MB diskette 

dnve. 

■ Dual diskette and hard drive controller. 
•Enhanced lOl-kcvkcrvboiird- 

• I parallel and 2 serial ports. 

• 200-iA'ati power supply. 

• 8 indusrt'y standard expanskin sL>t3 
(6 twailahlc). 

/nr iXii: fm.'cu 

A Ejterulcii Scniire Plunprurmg stuuts of £251^ 

^OMBTTLMotuxhnjmeSvstern 
40 M B VGA Color Plus System $4,099 

lOOMBVGAGjIatrTusSvsten] $4,699 
100 MB Super VGA Q Jor System $4,799 
(800x600) 

Prices listed reflect 1 MB of RAM. 150 
and 322 MB hard drive configutatiorts 
aUo available. 


THE DaL SYSTEM* 316 
16 MH; 386SX* 

Expandable, affordable access to 386 
ajchitectuie. 

STANIlVdlD FEATURES: 

• Intel 80386SX mlctoprocessor tunning 
at 16 MHz. 

• Choke of 1 MB, 2 M 8, or 4 MB 

of RAM* exjMtidable to 16 MB (8 MB 
on the system board). 

• Fhge mode intcrlea^'ed memory 
architectutt, 

• VGA systems include a high perfoTtn- 
ance 16-bit video adapter. 

• LIM 4‘0 support for mcmcjrv over 1 MB. 
■ Socket for 16 MH: Intel 803S7SX 

math coprocessot. 

• 5.25" liMB or 3.5" L44 MB diskette 
driw* 

• Intcgmied high performance hard disk 
drive interlace and diskette CLintrulltT 
on system btseii. (ESDI based systems 
mclude a hard disk cuntiolkr) 

• Enhanced lOl-key keyboard- 
" 1 parallel and Z serial ports. 

• 200'watt power su^y, 

• 8 industry standard expan-sion skits 
(7 available). 

•^Lcojefjr Hi low tw $9S^TWiuJk 
A il^deridiEd Semo: Finn. ;iridng ^forts at $234- 

40 M B TTL MonGchjtjme System $2.699 
40 MB VGA Cbior Plus System $ 3,199 
100 MB VGA aikir Hib System $3,799 
100 M B Super VGA Color System $3,899 
(800x600) 

Prices IlstKl reflect 1 MBtjfR.AM. 150 
and 322 MB haid drive ocHyfigunrtitJns 
aUii afvailahle. 


THE NEW DELL SYSTEM* 210 
NETSTATION 12-5 MHi 286. 

Its. price, peifonnance and expandahility 
make it an ideal choice as a network 
wnrkstatiiim 

^ANDARD FEATURES: 

• 80286 mionpfincjessnr nmning at 

12.5 MHz. 

• OwiCE of640 KB, 1 MB nr 2 MB of 
R.AM expandable to 16 MB (6 MB on 
system board) . 

• Network inierfece card. 

• UM 4.0^pportk}r meninry nveT640KB. 

• bitcgraiced dytetce and htgli perfbnnance 
16-bit VGA video controller on system 
hoard, 

• Socket for Intel 80287 math copmcessqr. 

- 5.25" 1.2 MB or 3.5" 144 MB diskette 

drive. 

• Integrated high performance hard disk 
intetiace on system boarcL 

• Enhanec-d lOl-key keybooid. 

-1 pamllel and 2 serial ports. 

• 3 full-si^ed l6-bii AT expansion slots 
available. 

**L«ih‘ jibr oj low oj S6lAmHrtr<h. 

Exlfrujol Pkm prking slum at £ J.S[t. 

Diskless widi Ethencaid Plus and PROM 

$1,609 

Single Diskenre Drive and Ethercaid Plus 

$1,678 

20 MB hard disk with Diskette Drive and 
Ethercaid Plus $1,978 

Pnees above reflect 640K of RAM. 

40 MB and 100 MB had disk 
ccmllgurations also aivailable- 
jCOM'j Ethfrlmk n Unii Idltmlaik cauls uLw 
OKokilile^ iKtststHm mn^lgumriDm. Pkase 
eaU^pridrig. 


THE NEW DELL SYSTEM* 210 
12.5 MHi 286. 

The price says this is an entry-level sys¬ 
tem - Theperformancesays it^abtmore. 

STANDARD EEATURES: 

»80286 miciopnxessor running at 
12.5 MHz. 

•Choiceof512 KB, 640KB,tt I MB. 
or 2 MBoI RAM expandable to 16 MB 
(6 MB on system board). 

• Bigc Tnodc interleaved memory 
architecture. 

• LIM 4.0 support ibr memory over 640 KB, 

• Integrated diskette and high periorm' 
ante 16-bit VGA video connolter on 
system board. 

• f^icket for Intel 80287 math 
coprocessof- 

- 5.25" 1.2 MB or 3.5" 1.44 MB diskette 
drive, 

• Integrated high performance hard disk 
interface on system board. 

• Enhanced lOl-kqf ke>'boatd- 
" 1 parallel and 2 senal ports. 

• 3 full-sized 16-bit AT expansion slots 
avaibhle. 

fur us liKir OS S&4.^]'U7nlll. 

^ fixtetided Service Pkpilmctrtg stoits at $190. 

20 M B VGA Monochrt jme Syscem $1,699 
20 MB VGA Color Plus System $1.999 
40 Mr VCA Mi iTK.ichmdTiie System $1.899 
40 M B VGA Color Plus System $2,199 

Prices listed reflect 512 KB of RjAM. 
44640 KB vvrskmsof the above systems 
are availabte Ibr an additkirial $60„ 

100 MB hard drive configurations also 
avuibble. 


Enliuni:efn£TU3 (SySteitLS 325, 

310, and 316): within the first iroigal:^ of 
rrunun^ .384 KB of nufmDty u resmvil^ 
i4se by the^yjtjjm in erUMwicepei^rriiianc*. 

4 MB Lxrnj^tatwref ixuilahle on oil systems- 
Coll jW 


Al I pnccs and spcp/ic^lions arc sub|«T CD chan^ withoJt notjo;. EMI. cannot, be nesponsible for enors in typography or photography '**Pj(yinenES 
bis^ on a 36'n(»onih opeo'end lease- i Leasing arranged by Leasing Gnxip, Inc- In Canada, configutauum, ami prices wilJ vary. IDELL SYSTEM is a 
regi^iui cradcinarlc t/Dcdl Qiinpiiticr Mitn,isofi. MS, MS-DOS and XENIX are reiiStered muiefninks ^iwncd ly Microsj^t Curp. Intd 

if a regtste red tra demaf k; 386 and 3S6SX are tradenrarfo of Iritd tGnpofutkit!. UNIX h a tegistered trademark of AT&T Dell UNIX Sysiem V is 
tafed cjTi INTERjMrnVESystiHTLsG aptirarstsi'i 3B6itx.™' ’ Signilies trademarks of entiiies othh than Dell Conapuiier GiirpLiratiiiin, .^Sctvtcc pnjvidfid 
by XcnwGitpciratTOn, On-srtc service ncn swaibHc m CartaEnTetnom lucatois. ©1989 Dell CQmfuterCoqxjration- All nghrs reserved- 


SAVE NOWON 1HE DELL SYSTEM^325 25 MHz 386. 



AN EVEN BETTER VALUE AT THESE NEW LOW PRICES. 


STANCARD FEATURES: 

• Intel 80386 micropRicessor mnningat 25 MHz. 

• Choice of 1 MB, 2 MB, or 4 MB of RAM* 
expandable to 16 MB (using a dedicated high¬ 
speed 32'bit memory slot). 

• Advanced Intel 82385 Cache Memory 
Controller with 32 KB of high speed static 
RAM cache. 

• fhge mode interleaved memory architecture. 

• VGA systems include a high performance 16-bit 
video adapter. 

• Socket for 25 MHz Intel 80387 or 25 MHz 
WEITEK 3i67 madi coprocessor, 

• 5.25" 1.2 MB or 3.5" 1.44 MB diskette drive. 

• EXial diskette and hard drive controller. 


• Enhanced 101-key keyboard, 

• 1 parallel and 2 serial ports. 

• 200'Watt powTT supply. 

■ 8 industry standard expaasion slots (6 available). 

**Lea&^ far as lour as $153/mmifh. 

ZS. ExtfTufea SenTce Plfin pricing Sturts at $3 70. 

40 M B VGA Monochrome Syste m $4,199 

iOO MB VGA Color Plus System $5,099 

100 MBSuperVGA Color System (800 x 600) $5,199 

150 MB Super VGA Color System (800x 600) $5,699 

Prices listed reflect 1 MB of RAM. 322 MB 
hard drive configurations also available. 

,A(I systems tne f^iijtogn^hed iric/i t^aonal esttus. 


AD CODE NO. 1IEM9 

































EDITOR’S 

CHOICE 


The 


new 


top'of'the-line 
Dell System 325 is 
afla^hipworth 
putting out in front 


piLl 


of the fleet. 


lTtinur« 14. 1989 
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Technically speaking, the Dell 
System® 325 is one of the most ad¬ 
vanced 38€'‘ computers available. 
And, according to PC Magazine, 
it 5 one of the most advanced 386 
computers they Ve ever tested. 

In benchmark after 
benchmark, the 25 MHz Dell 
System 325 ran circles around 


THE FIRST PERSONAL 
COMPUTER THAT'S 
RIAUY PERSONAL. 

Of the more than 150,000 
personal computers weVe sold 
to date, each one has been 
individually configured to fit 
the needs of its owner. 

The System 325 takes that idea 


to its logical extreme. 

For example, it runs either 
MS-DOS,® MS-OS/2, or our own 
Dell UN IX® System V Which is 
compatible with-AT&T's System 
V Interface Definition. And the 
world of XENIX® applications. 

If speed is of the essence, we 
can include an optional Intel® 


THE DELL386 SYSTEM 325 


HAS A 25 MHz CLOCK RATE, 
CACHE MEMORYCONTROLLER, 
IDE OR ESDI HARD DISK DRIVEr 
PAGE MODE INTERLEAVED MEMORY, 
AND 100% COMPATIBILITY WITH 


MS-DOS, OS/2 AND UNIX SYSTEM V. 



a field of 386-hased 
systems. A field that 
included the 
Compaq"" 386/25. 

A show of prowess 
that earned the System 
325 PC Magazines 
Editor's Choice award. 

It was a goal we set for 
ourselves from the very 
beginning. And an 
objective anyone with a 
penchant for power and 
perfonnance can 
appreciate. 


80387orWEITEK3167 
math coprocessor. And 
since nothing about this 
system is liglitweight, the 
standard mass storage is 
a IQO MB hard disk drive. 
Or we can configure it 
with a 40, 150 or 322 MB 
hard drive. 

As you might expect, 
the output is just as 
intense. >bu can choose 
between VGA Mono¬ 
chrome with 









































paper-white screen, VGA Color 
Plus, or Super VGA for high 
resolution colors displayed on a 
larger screen* 

Even tlu)ugh the 325 gives 
you all this performance, it still 
leaves you six open slots for 
whatever else you might want 
to add. 

And once you Ve told 
us what you want, well 
make sure what you want 
works—by burning-in the 
entile system unit* 


just how they’re sold but how 

MAYBE YOU 

they’re supported. 

SHOULDN'T BUY 

Overkill was one description 

ONEAnERAU. 

used in a recent PC Week article. 

No matter how many reasons 

Perhaps, 

we give you to buy a Dell system 

But then, we think youTl 

sometimes it makes more sense 

agree, when something goes 

to lease one instead. 

wrong, you want as much help 

Whether you need a single 

as possible, right? 

computer, or an entire office 


NO KNOWS. 

Theie are some good 
leasoTis computer retailers 
woht know much about 
the System 325* 

First, with all the new and 
incieasingly sophisticated 
systems they have to keep up 
with on a daily basis, you 
can hardly expect them to 
know everything* 

Second, because Dell sells 
direct* 

Which means you now have 
the unique opporturkity to talk 
directly with the people who 
make them. And ask things like, 
“What is page mode interleaved 
memory?” or, “How much SIMM 
RAM should I add?” 

In other words, the kinds of 
details that are important to 
people who make computers and 
people who use them* 

So dealing direct not only 
can save you up to the 35% 
mark-up, but 100% of the 
frustration. 


BEST OF ALL, 
YOU WON'T HAVE TO 
EXPLAIN TO A 
COMPUTER RETAILER 
WHAT ALL 
THAT MEANS. 


One of the things that very 
clearly sets Dell systems apart 
from other computers is not 


Which is why every Dell 
system comes with a toll-free 
technical support line and self¬ 
diagnostic software. We’re able to 
solve 90% of all problems right 
over the phone*The other 10% 
receive next-day, deskside service. 
Thanks to our new alliance with 
Xerox Corporation, 

And you get all this lielp for 
a full year— whenever you need 
it—at no extra charge^^ 

As you’ve probably guessed, 
one of the things that drives us 
most is customer sadsfacrion. 

So we’d like to give you the 
ultimate guarantee: 

Tty a System 325 in your office 
for a month. Run your toughest 
applications* Put it through its 
paces, at your pace. If you’re not 
completely satisfied, send it back 
anytime within 30 days* And well 
refund your money* 

No questions asked. 


full, there is a leasing plan for 
your business that is just like 
100% financing. 

And just as we can custom 
configure your computers, we can 
see to it you get a custom designed 
lease plan to fit your exact business 
needs*’ A fact that has not gone 
unnoticed. Especially by the 
Fortune 500. Over half of whom 
now cywn or lease Dell systems* 
And just as we welcome 
their business, we welcome your 
business, too. 

Just call us, toll-free. And don’t 
be afraid to ask us the tough 
questions. 

That’s the part we like best* 


DELL 


COMPUTER 


CORPORATION 


TD ORDER. CALL 

800-426-5150 

IN CANAm. CALL 8DO-3S1-5752 
IN GERMANY CALL 06101/701100 
IN THE UK., CALL0800 414115 


Circle 104 on Reader Service Card 



















What else would^yoii expect^" 



PC MAf;A/JNE, Jmiuary m9, 
“/n a field of powerhouse machines 
there can only he one winner, and 
ALR*s FiexCache is it” 


INFO WORLD, Jh/v m9, 

"ALR Systems Unleash 4H6 Power. The 
PowerCavhe 4 shines in the CPU- 
specific portion of the Inf eWorld Auto¬ 
mated Benchmark Test, gaining a score 
of !6.3:* 

PC WEEK, July 1989, 

”Based on a series of benchmarks run 
last week on Advanced Logic Research, 
Inc/s prototype 486 de.sktop system, 
ALR will enter the 486 market with a 
hang." 


At ALR, we wril never rest on our laurels. We strive to be the best, as 
proven by our past achievements. Now with the introduction of the 
new ALR PowerCache we've designed a system that is far 
beyond comparison. Again, we have taken PC-microprocessing power 
a step further by designing a unique proprietary PowerCache 4 cache 
controller using ALR's custom ASIC chips which deliver the fastest 
processing speed ever 

More important, PowerCache 4 is the first PC to fully utilize 128^bit 
burst mode and a "read and write-back" 128KB cache design, provid¬ 
ing a better than zero watt state perfonnance as compared to the 1386. 
Furthermore, the ALR PowerCache 4 is 100% lBlvf'PS/ 2 '^M 
Channel^'^-compatible supporting bus mastering devices and giving 



ALR Ml30 

ALR M150. M3S0 

IBMM70-A21 


Desktop 

M6S0 Floor-Standing 

Power Platform™ 

CPU 

2S MHz i486 

25 MHz i4S6 

25 MHz ^486 

Bus 

MCA 

MCA 

MCA 

Extemai 

126 KB cache 

T20 KB cache 

Non© 

Cache 

Road and Write-Back 

F?eod and Wrife-Bock 

Vkleo 

Opf. on 
board 

640X480 

10(24x766 

640x430 

1024x763 

640x430 

None 

l/OSrots 

6 exporviion sfots 

6 ©xpansJon slots 

3 ©Jtponsiem slots 

Storage 

4-3 1/2" 

] -full height 

3^ 1/2'drives 

Exponsior^ 


2-l/2--helght 

2-3 1/2" drives 


Disk 1 

Capacity 

130MB-26QMB 

150 MB'650 MB 

110 MB 

f^lce 

$9,990 

Starting at 
$11,490 

$12,990 











California Anza^Borrego 
Desert State Park 

{CanKfjnbalt^jhaped saiidsfane^ 
These ce>nvre(it>iu ate 
formed of omon-skia tayetx of 
minerah resistant ta erosion.} 


i486”system in the world. 


TM 

from the leader in 386 technology. 


you a more efficient system for a variety of multi-user and fileserver 
applications. Like most ALR computers, the PowerCache 4 is a truly 
balanced system. The fastest power is achieved by enhancing our 
PowerCache 4 design with the industry's fastest disk drives and inter¬ 
face. The PowerCache 4 systems come standard with a high-speed 
15MHz ESDI and 32 KB hard disk cache on the disk controller. 

What more could you possibly need. 

It's no wonder ALR remains ahead of the pack with our innovative 
design expertise. As far back as 1986, we've been recognized in the 
industry as a leader in pierformance. Recently, the highly acclaimed 
386/220 won us "Best of 1987" from PC Magazine. 1988 brought us 
the honor of receiving the PC Magazine Award for Technical Excel¬ 
lence for designing the industry's most advanced cache architecture. 
As for 1989 weVe already begun to excite the industry with the 
PowerCache 4. 



BH toxautibfDfikinicaAJyi Mllnn] 
A MCiinMernOrv 


PowerCaehe 4 is the first PC to fully uUUue 
12S-bit burst mode and a **read and write* 
back^^ 128KB cache design, providing 
better than zero wait state performance as 
compared to the i3S6. 


Now, what else would you expect from a company who is so com¬ 
mitted to innovation and high-performance technology that we take 
you a step beyond. At ALR, we are concerned with your processing 
needs. Our technical support staff is available to assist you by one 
simple phone call. All our systems are backed by a one year war¬ 
ranty. Call today for more information on the new PowerCache 4 and 
the name of an authorized reseller nearest you. 

1-800-444-4ALR 


Home ortl» World's PC 

Advanced Logic Research Uui 

Advanced Logic Research, Inc, 
9401 Jeronimo Irvine, CA 92718 
(714) 581-6770 FAX: (714) 581-9240 
For our Canadian office: 
1-800-443-4CAN 
For our UK office: 

0 635-521 844 FAX: 0 635-521 844 
For our Singapore: 

(65) 258-1286 FAX: (65) 258-1285 


ALR HJid Advanced Logic Rcscarrh. Inc. bic regisicml traikmiEiits. Pn-wcfCiichc 4 ^ t tcgislerTd Uzdcnnirk of Advinotid Logiic ReicBich. Itic. CBM md PC, PS/2, Mkto Chumel sir 
iradetnartts of TniemaEkmui) Business Mucliines Cwpciraiion, Intel, ind 14^ ere re^itared tiademailia of Tniet Coiparaiion. 

Cirele 14 on Reader Service Card (DEALER: IS) 
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PRODUCTS IN PERSPECTIVE 


49 What’s New 

81 Short Takes 

Wallaby, a Macintosh- 
compatible laptop 
WordPerfect 5.1, si^ports 
a mouse and puH-down menus 
Vellum, Ashlar's two- 
dimensional CAD far the Mac 
TrackMan Stationary Mouse, 
a input device from Logitech 
Generic 3D Drafting, simple 
but elegant CAD 
KDS-1984 TriSync, a large- 
screen color monitor from Sampo 

REVIEWS 

154 Product Focus: 

Making a Case for CASE 
by the BYTE Staff 
Choosing a CASE tool is 
a matter of methodology 
and computing environment. 

179 Downsizing the Desktop 
by Stephen Satchell 
The 80386SX-bas€d ADC 
Powerliie 386's small, 
integrated design 
makes for easy repairs. 



COVER STORY 

Laptops Forever 
by Frank Hayes, 
Michael E. Nadeau, and 
Stan Miastkowski 
page 93 

New laptops 
from Compaq, GRID, 
Toshiba, and Zenith 
point to the future 
of small computing. 


185 Upscale Acer 

by Jeff fioltzman 

Is Acer's 1100/33 just another 

33-MHz PC clone? 

189 How to Put 16 Million 
Colors to Work 

by Tom Thompson 
The first wave of boards has 
arrived to help Mac IIs 
process 16 million colors. 

Here's how they stack up. 

199 Power to the Programmer 
by Fred Hommel 
Watcom joins the 32-bii crowd 
with a new C compiler. 

205 High-Fashion Unix on a PC 
by Ben Smith 

HP's Accelerated X Window 
Display Server lets you use your 
AT as an X Window workstation. 

211 Clipper Applications Get SQL 
by Marc Schnapp 
The Library from Planet Software 
lets Clipper developers link 
applications to SQLBase. 

217 Move Over, PageMaker 
by Diana Gabaldon 
TimeWorks' Publish It brings 
new features to Mac desktop 
publishing that PageMaker lacks. 


EXraRT ADVICE 



107 Computing at Chaos Manor: 
A Look Backward 
and Forward 
by Jerry Poumelle 
Jerry reminisces about the 
beginnings of microcomputers 
and looks at today's new 
products. 

123 The Unix/bin: 

Unix Workstations Connect 
by David Fiedler 
A discussion on networking 
Unix workstations. 


133 OS/2 Notebook: 

OS/2 Multitasking Revisited 
by Mark J, Minasi 
A simple program 
that lets you experiment with 
the priority mechanism. 

137 Maei nations: 

A Tale of Two 
Operating Systems 
by Don Crabb 
The Mac OS versus OS/2: 

Arc you after performance 
or productivity? 

141 Networks; 

When One Drive Is Enough 
by Mark L Van Name 
and Bill Catchings 
Do persona] computers 
attached to LANs need hard 
disk drives? 


Down to Business; 

A Helping Hand 
by Bhyne Rash Jr, 

A new workstation lets 
disabled users perform any 
function through the use 
of voice commands alone. 
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REGIONAL SECTION 
begins after page 80 


223 Manage It with Pictures 
by Lamont Wood 
Inject Scheduler 4 from Scitor 
Corp. offers graphically based 
project management for under $700. 

229 What Price Color PostScript? 
by HoMKird Eglowstein 
QMS’s new ColorScript 100 
Model 10 printer promises color 
PostScript at a groundbreaking 
price. 

234 Reviewer’s Notebook 

A compilation of brief reviews 
and updates to previously 
published evaluations. 


IN DEPTH 


240 Introduction: 

Sound and Image Processing 

243 Sounds and Images 

An overview of what’s going on 
in the world of computer sight 
and sound. 

245 Sounds 

by Gene Smarte 

248 Images 

by Walt Penney 

259 Putting DSPs to Work 

by Bobby Saffari 
E^Ps have become the unifying 
factor between sound and image 
processing for microcomputers. 

Ill Beyond Pattern Recognition 
by Raymond Kurzweil 
Practical speech-recognition 
applications require a bit 
of intelligence. 

293 Changing Perceptions 
of Reality 

by Benjamin M. Dawson 
A variety of techniques that 
let you edit images in a variety 
of ways. 

309 Pepperoni and Paperwork 
by Ira Scherr 

How one company combined 
image, speech, voice, and fax 
to create a verbal document- 
retrieval system. 

320 Words and Pictures 

PC boards for voice recognition 
and image processing. 


FEATURES 


324 Ten Years of Rows 

and Columns 
by Tracy Robnett Ucklider 
A decade ago, Frankston and Bricklin 
revolutionized the software world 
with the electronic spreadsheet. 

333 The Intel 80860 
by Neal Marguiis 
A close look at Intel’s newest 
RISC design.• 

349 Configuring Parallel Programs 
by Dick Fountain 
A new tool that will make 
it easier to write software for 
parallel processing. 

353 The Wizards of the Media Lab 
by Janet J, Barron 
Researchers are exploring 
new ways for humans to interact 
with technology. 

363 Making Waves 
by Mark Waller 

The implications of packet radio 
are far-reaching. 

371 Electronic Oxford 
by Eric Giguere 
Years in the making, the 
electronic edition of the classic 
English dictionary nears completion. 



Ten Years of Rows and Columns/324 


HANDS ON 

377 Under the Hood; 

Protected Mode 
by L Brett Glass 
Enhanced modes of Intel 
microprocessors provide greater 
address reach and safe 
multitasking. 

387 Some Assembly Required: 
Input: Keep It Clean 
by Rick Grehan 
Our IMAN program lets you 
build input screens that 
users can’t mess up. 


DEPARTMENTS 


8 Editorial: 

The Last Word on the SX? 

17 Microbytes 

32 Letters, Ask BYTE, and Fixes 
48C Chaos Manor Mail 

435 Coming Up in BYTE 
444 Print Queue 

448 Stop Bit 

READER SERVICE 
434 Editorial Index by Company 

436 Alphabetical Index to Advertisers 
438 Index to Advertisers 

by Product Category 
Inquiry Reply Cards: after 440 

PROGRAM LISTINGS 
From BIX: See 368 
From BYTEnet: 
call (617) 861-9764 
On disk: 

See card after 352 
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By m small coincidence, Microsoft Windows works the way you do: On more thm one thing at a time. 



WYSIWYG. What you see on screen,.. 




Old sayings may cost 
Fnlore Fortune 

U hAsbcen rougfily 68yea£S 
since prc last erased new for* 
tunes. But In light of the new 
lo®o at>d the whole new look 
brought totheoompany hi the 
past year, the boaid of dinsc* 
tors has uniiiinaously voted to 
replace the old fortunes. Ptesi- 
d^t Jhn Dealing explahied, 
■As wecxiithe 1980's, people 
no longer believe hi the sahie 
old lines, it's time to changp'. 


An entire environment that I 




























































































































































iQokie Standards, rolling in tfie dough 


i a T^iabieimpair 


rgety iifis spirtis its as uninkfes. 


5 f in real estate wiU <m^ fend tCtfrastrcUiop^^ 


tsperaswiUyotiriaxouiitiUx^ 


do amadng tMiy^—like thh—simply. 


Xenm 

FbrmBBSB 


everyone who’s 
usiiigA\indows 
apphcations (XI 
apart-time basis 
tojAeasestep 

The trouble with using Windows™ applications 
every once in a while, is that yoifre only amazingly pro¬ 
ductive every once in a while. 

This has got to stop. Which is why 
thereh the Microsoft* \^ndows envi¬ 
ronment—thefiist and 
environment to let you work with 
multiple Windows or DOS applica¬ 
tions without ever closing a sin^e 
file, or quitting a single program. 

You may never see your 
C prompt ^aiiL Just give Microsoft Wmdows a 40-hour 
work week and you’ll be pointing clicking, cutting 
p^ng and flying throu^ your work with the greatest 
of ease. Cut from a spreadsheet and paste onto a word 
processing document—without scissors and a copy 
machine Exchange mformation, link files and prt^rarrB, 
then watch your data get updated automatically, or if 
you prefer, at your command. 

Call us at (800) 541-1261, Dept J89 for more facts 
about how Wmdows can open up doors, and for our fiee 
Wmdows Shopping Catalog 

And see how the only w^ to get the most out of 
your Windows, is to look into ours. 

McsrosoH 

Making it all make sense 


Customeis inside the 50 United States, call (800) 54H26t Dept jm. In Canada, call (416) 673^011 Outside the 
UuS, and Canada, call (206) 882-8661. ©1989 Microsoft QnpOfabuiL AH ri^ts reserved. Microsoft and the Micmsoft 
Eofio are registered tiadernarks and it aU wmke ame and Wiindows are tradanarks of Microsoft CorporatioiL 





























EDITORIAL ■ Fred Langa 


The Last Word 

ON THE sx? 


An 80386SX-based 
computer isn’t 
necessarily cheaper 
than an 80386 
machine, or faster 
than an 80286 


A t a recent trade show, 1 was 
part of a seminar desired to 
help attendees determine the 
relative strengths and weak¬ 
nesses of the 80286, 80386SX, and 
80386 chips. 

It’s a topic that won’t go away. New SX 
machines appear almost every day, and 
confusion over just what 80286 machines 
can and can’t do still runs strong. 

Fortunately, a new tool will help sort 
out the confusion: the complete bench¬ 
mark results of all the machines BYTE 
has tested. This compilation of results 
appears in BYTE’s annual IBM Special 
Titian, which is now on sale. (The com¬ 
pilations also contain all our Mac bench¬ 
marks, But as the 80286/SX/803S6 issue 
is Intel-family-specific. Til stay on that 
side of the fence for now.) 

It’s instructive to pull out data com¬ 
paring 80286, SX, and “true” 80386 
machines from that mammoth list. For 
example, Til focus on just one element: 
CPU performance. 

The SX as an 80386 
First, ril look at how the SX stacks up 
against true 80386 chips (i.e., those not 
hobbled by the SX’s 16-bit bottleneck). 
True 80386 chips come in a variety of 
speeds* As of now, the SX is available in 
only one speed: 16 MHz* Clearly, the 
20-, 25-, and 33-MHz 80386 chips will 
blow the doors off the SX, so I’ll focus 
only on the slowest of the true 80386 ma¬ 
chines: the 16-MHz units* 

The SX machines we’ve benchmarked 
so far yield an average CPU index of l *88 


(where an 80286-based 8-MHz IBM PC 
AT equals 1)* A sample of two dozen 16- 
MHz 80386 machines (mostly low-end 
clones) from our benchmark tables aver¬ 
ages some 23 percent faster, with a CPU 
index of 2*33 (see the figure)* 

That’s significant: Here are two types 
of 80386 chips, both running at 16 MHz, 
yet the full 32-bit version is 23 percent 
faster than its 16-bit SX cousin* Clearly, 
as an 80386, the SX comes up short* 
(Ironically, many low-end 80386 boxes 
cost less than their slower SX cousins.) 

The SX as an 80286 Replacement 
It’s common knowledge that Intel first 
introduced the SX as a way to phase out 
the 80286* Thus, how does the SX stack 
up against 80286-based machines? 

Weil, 80286-based machines come in 
a wide range of speeds. Comparing SX 
machines to similarly clocked 80286 
units shows no overwhelming advantage 
either way* They run roughly the same. 

But wait, the 80286 is available in 


80386SX VS/TRUE" 80386 


2.5 



16-MHz SX 16-MHz 80386 


Even at the same clock speed, "true" 
803S6 machines run an average of 23 
percent faster than 80386SX machines. 
(In BYTE's CPU index, highernumbers 
are better.) 


speeds of up to 20 MHz, with 25-MHz 
chips due soon. We took a look back at 
the benchmark results for the fastest 
available (20 MHz) 80286 and compared 
them to the fastest available (16 MHz) 
SX. (We used the older non-80386-spe¬ 
cific BYTE benchmarks to make sure 
that the playing field was level.) The re¬ 
sults were surprisingly lopsided: The fast 
80286 units ran a whopping 36 percent 
faster than the SX machines* Wow! 

It’s hard to see the SX as a particularly 
attractive replacement for the 80286, at 
least where raw speed is concerned* 

So what's the SX good for? 

Well, it’s good for laptops, portables, 
and small-footprint desktop units* The 
prices of SX machines are dropping, and 
in settings where weight, size, and power 
consumption are the major consider¬ 
ations, the SX may prove to be an attrac¬ 
tive alternative. 

But for normal desktop applications, 
the SX is simply not a great choice. Yes, 
it will run true 32-bit software (e.g., 
DESQview/386 and Paradox 386), but 
the software will run more slowly than 
on most true 80386 machines, including 
many low-cost clones* For true 32-bit 
80386 power, a full-blown 80386 ma¬ 
chine is your only choice. 

If you don’t require a full 32-bit data 
path (say you want to run only today’s 
DOS and OS/2 applications), a fast 
80286—especially the 20- and 25-MHz 
units—will give you more speed plus full 
DOS and OS/2 compatibility. It should 
also cost less than today’s SX machines. 

Of course, in buying any machine, you 
need to look at the complete system* The 
world’s fastest CPU can be turned into a 
snail if it’s saddled with a sluggish hard 
disk drive or a slow video system. 

The SX has its place. But so do the 
80286 and the true 80386. Let an objec¬ 
tive measure, such as benchmarks, sort 
out which is right for you. 

—Fred Langa 
Edi^r in Chief 
(BIXname ^^fkinga'*) 
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At last, an assistant that 
follows your directions 


Wouldn’t it be great to 
delegate your routing? 

You can! We know your time is 
valuable. That’s why Wintek 
pioneered comprehensive and 
affordable CAD packages for IBM 
personal computers. HiWIRE-Ptus 
continued that tradition, integrat¬ 
ing schematic-capture features 
and printed-circuit-artwork 
capabilities into one versatile 
package. 

New autorouter. 

The Auto router for HiWlRE-Pius 
is powerful enough to handle the 
most demanding design problems, 
yet simple enough for a casual 
user. Just turn it loose on your 
design. It’s hassle free because 
it works long hours, without super¬ 
vision or errors. 


100% autorouting. 

The autorouter for HiWIRE-Plus 
rips-up, reroutes, and with appro¬ 
priate design rules, racks up 
100% completion. 

□ Forget gridded routers. This 
autorouter places vias and traces 
anywhere your design rules 
allow. With 1-mil resolution. 


□ Vary trace width and spacing for 
individual networks. Route 1, 2 , 
3, or more tracks between 1C 
and connector pins. 

□ Set up boards from 1 to 250 
layers, up to 60" x 60". 

□ Specify shape, size, and type 
of vias, layer-by-layer: through- 
hole, blind, buried, micro. 
Specify via types for individual 
networks. 


□ Use fewer vias and layers than 
comparably priced autorouters. 

□ For use on your IBM PC, XT. 

AT, PS/2, or compatible with 
640K RAM. 


Why pay more for a 100% 
autorouter? 

Compare the features and 
performance to packages costing 
five times more, HiWIRE-Pius and 
the Autorouter for HiWIRE-Plus 
self for $895 each. Both have a 
no-nonsense, 30-day money- 
back guarantee. With unlimited, 
toll-free, no-charge technical 
support. 

Let HiWIRE convince you that it 
makes a great assistant. Call us 
toll-free at (800) 742-6809 today 
and put HiWIRE-Plus and the 
Autorouter for HiWIRE-Plus to 
work for you tomorrow. 






w 


Wintek Corporation 
1801 South Street 
Lafayette, IN 47904-2993 
Fax; (317) 448-4823 
Phone: (317) 742-8428 or 

(800) 742-6809 


Europe: RIVA Ltd, England, Phone 0420 22666, FAX 0420 237000 / Brazil; Comjcfo, Ptrone (11) 289-7193 / Japan: BEST, Phone: (03) 374-1161, FAX (03) 374-9450 
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malltalk/V® PM. 
Think of it as a bold, 

^'"seat-of-the-pants^ solution 
that cuts to the heart of the 
OS/2 Presentation Manager 
complexity challenge^ Thus 
unlocking the potential of this 
powerful operating system. 

Widi die introduction 
of SmailmlkA^ PM,object- 
oriented programming 



Introducing SmalltalkA^ PM. The 
to fulfill the promise of OS/2. 


moves out of the realm of mystery 
and into a new era of breakthrough 
applications that promises to be of 
legendary proportions* 

OS/2 PM is designed to push 


*'user friendly*^ to a whole new level 
of sophistication. If you compare it 
to an orchestra, OS/2 has capabili¬ 
ties no ordinary assemblage of in¬ 
struments has ever dreamed of 
possessing. Yet to tap 
its potential, OS/2 
PM demands a con¬ 
ductor c'apable of true 
genius. That conduc¬ 
tor is Smalltalk/V 
PM. 

You’ll lind Small¬ 
talk/V PM a perfect 
language for repre- 
sendng and manipu¬ 
lating high-level 
information. Because 


you go from designing to prototyp¬ 
ing to delivering a completed appli¬ 
cation in one seamless step, you 
cleanly avoid the old costly “crash 
and burn” delays so common with 
languages born in the age of main¬ 
frames. 

UNLEASHING THE AWESOME 
POWER OF OS/2 PM 

Smalltalk/V PM. It helps stop 
the natural drift toward vaporware 
so common in software develop¬ 
ment today. It lets you dive right in 
and get to the creative parts with¬ 
out the usual grunt work. For ex¬ 
ample, if you want to ignore the 
complexities of understanding 
OS/2 PM details you can immedi- 


Is The Most Important Part Of Your 
Developer’s Kit Missing? 

OS/2 PM offers you a powerful^ rich environ men t 
loaded with advantages like a Graphics Program¬ 
ming Interface (CiPI), a LAN manager, multitask- 
SQL, just for starters. And all of these 
components are accessible in a standard way using 
Smailtalk/V PM thmugh Dynamic Link Libraries 
(DLLs). Combined with DDE (Dynamic Data 
Fjtchange), you can call and exchange data with 
other PM services or applications* Seamlessly. 
Now developers can write truly reusable compo¬ 
nents, which greatly increases their value. And 
you’ll find Smalltalk/V PM the perfect “glue” 
between applications written in other languages. 






















the Cireat cut 

1 

through the 

he 

eon\'oKired 

Gordian Knot, 

challenge witJi 

A legend a IT case 

one bold, swift 

of coiiiplcxit\-. It 

stroke of his 

had bafilod and 

swoixl. This 

st> micd the best 

** sea t- o f- the -pan is” 

minds of the 

solution set in 

ancient world 

motion the 

until Alexander 

prophetT that 


whoever 


unraveled the 




knot w fluid one 


day rule Asia, 


‘‘THIS IS TI'IE RIGHT WAY 
TO DEVELOP APPLICA¬ 
TIONS FOR OS/2 PM. 

OS/2 PM is a tremendously 
rich environment, which 
makes it inherently complex. 
Smalltalk/V PM removes that 
complexity^ and lets you con¬ 
centrate on writing great pro¬ 
grams. Smalltalk/V PM is the 
kind of powerful tool that will 
make OS/2 the successor to 
MS/DOS,” 

BiU Gates^ Chmrman 
Microsoft Corp, 


fast, seat-of-the-pants way 



THE FIRST 
FULLY-COMPILED 
SMALLTALIC 
Becmtse Smailtolk/V 
PM isftify compiled 
it provides you with a 
more responsive envi¬ 
ronment than ever 
before. Now you'll he 
abk to generate 
stand-alone applica¬ 
tions (.EXE), 


ately start creating without any 
limitations on your efficiency. 

However, if you^re the curious 
type, we have tools called browsers 
to help you fathom the masterpiece 
called OS/2 PM. You^ll also find 


debugger simplifies ap- 
plication development 
and gives you instant 
response when you im¬ 
plement an idea. Our 
extensive user manuals 
and tutorials have 
earned us high praise. 

SMALLTALK/V PM. 
THE TALKING HAS 
ALREADY STARTED. 

“Digitalk’s Smalltalk/V PM is a 
masterful implementation of a clas¬ 
sical object-oriented programming 
language and a state of the art 
graphical user interface. Any pro- 


our incremental program develop¬ 
ment capability and push-button 


SmaDtaDc/V 



grammer struggling with the com¬ 
plexities of Presentation Manager 
should take a close look at this 
product.” 

Chdrks Petzoid^ Contrihuting Editor^ 
PC Magazine 

“Digitalk's Smalltalk/V PM is 
dazzling! This product makes Pre¬ 
sentation Manager pay off.” 

J^Dmiteman% Contributing Editor^ 
Dr. Dobbs Journal 

“Smalltalk/V PM is an ex¬ 
cellent tool for rapid deliv¬ 
ery of prototypes which 
have all the functionality 
and user interface of a com¬ 
plete PM application.” 

Richard A. Landbimn, 

System Architect., Lotus Deuelopment 

“Smalltalk/V PM from 
Digitaik is the greatest! This is an 

incredible product.” 

^ J.D. Hildebrand 

Editar-in-ChkJ Computer Language 


THE BEST PM INVESTMENT 
YOUTL EVER MAKE 

SmalltalloVPM $499,95 

Prices and infonuation on these and 
other Digitaik productii are available 
on request: 

Small talk/V, Smalltalk/V 2 86, 
Smalltalk/V Mac 


Smalltalk/V A product of Digitaik Inc., 
9841 Airport Blvd,, Los Angeles, CA 
90045. For information or to find a dealer 
near you calk 

1 - 800 - 922-8255 
1 - 213 - 645-1082 

CompuServe 71361,1636 
FAX 1-213-645-1306 

SinalltaJtcA^ U ^ negistEred trademark of Digitilk Int:. 
Prices subject to change witbout nonce. 

Other product names are trademarks or registered 
tradcmairks of their nespcchvc holdcis. 
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BORLAND INTRODUCES TURBO PASCAL 5.5 WITH OBJECTS 



Turbo Pascal,* the world-standard Pascal compiler, 
adds Object-Oriented Programming with our new 
version i5. We combined the simplicity of Apple’s 
Object Pascal language with the power and efficiency 
of C-^-^ to create Turbo Pascal 5.5, the object-oriented 
programming language for the rest of us. 

It’s easy to extend yourself 

If you’re already programming with Turbo Pascal, 
it’s easy to extend yourself from struc¬ 
tured pro^amming to object-oriented 
programming. And, Turbo Pascal 5.5 is 
the only compiler that is 100% source- 
code compatible with 
your existing Turbo 
Pascal 4.0 and 5.0 
programs. 

Afastobjectlesson 

Object-oriented appli¬ 
cation programs more 
closely model the way 
you think. Objects con¬ 
tain both data and code. 

As in a spreadsheet cell, the value and the formula 
are together. Objects can inherit properties from other 
objects. For example, a Porsche Carrera inherits most 


Turbo Pascal 5.5 Features 

■ Inheritance 

■ New integrated environment 

■ Static & dynamic objects 

tutorial 

■ Constructors & 

■ Hypertext Help with copy and 

Destructors 

paste 

■ Object constants 

■ Enhanced smart linker & 

■ Compiles @ > 34,000 

overlay manager 

lines/minute 

■ Support for 8087/80287/80387 

■ Integrated source^level 
debugging 


attributes from the base model 911, but it also sports 
a whale tail. 

Turbo Pascal 5.5’s object-oriented extensions 
give you code that’s easier to change, extend, and 
support. 

Turbo Pascal 5.5 Professional with 
Turbo Debugger® and Turbo Assembler® 

The award-winning Turbo Debugger now includes an 
object inspector and hierarchy browser. 
And Turbo Debugger can debug any 
size program. 

Upgrade objectively 

Pascal owners: 
Upgrading from Turbo 
Pascal 5.0 to 5.5 is only 
$34.95 plus $5 shipping 
and handling ($75 plus 
shipping and handling 
for owners of Turbo 
Pascal 4.0 or earlier). 

And upgrading from 
Turbo Pascal 5.0 and 


earlier to Turbo Pascal 5.5 Professional is only 

$99.95 plus $10 shipping and handling. To order, 

CALL (800) 331-0877. 
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At last!' 
Anew HP 
LaserJet 


justfa 



^Suggested U.S. list prices: 
LaserJet UP $1495; 
LaserJet Series 11 $2695. 
Dealer prices vary 


At only $1495J it’s got your name on it. 


The HP LaserJet printer 
family has expanded— 
in a small way. 

The new HP LaserJet IIP (as 
in Personal) fits right on your 
desk. And, with a price almost 
half of the multiuser LaserJet 
Series Ilf into most budgets. 


Its simple front panel gives 
you easy push-button control 
over the menu, the 14 internal 
fonts, form feed and other 
functions. It handles four 
different paper sizes: letter, 
legal, executive and A4, as 
well as envelopes. In portrait 


















The new HP LaserJet UP printer. 


or landscape configura¬ 
tions. At four p£^es a min ute. 
FVom one or two paper bins 
(the second is optional). 


And, of course, 
our new printer 
is compatible with the HP 
LaserJet Series II and virtually 
all popular PC software. 


introduce people at your 
company to their very own 
HP LaserJets. 

There is a better way. 


The 6I2K standard memory 
is upgradable to 4.5 Mbytes 
for more complex graphics 
and publishing programs. 


So call 1-800-752-0900, 
Ext. 277J for your nearest 
authorized HP dealer. Then 
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A Solid Investment. 

In the US. A. (714)852-8161 
In Canada (416) 882-0260 


In iEk US.A.; 1641 McCawAve. Jrvuie. CA 92714,TEL^ (7l4) 852-8161, J!AX^ (714) 852-9464. In CaE»da: 
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Ways to Protect 
^ur Networking 
Investment. 

For networking file servers packed with performance, 
select a MaxSys^’* system from CSS [.laboratories and pro¬ 
tect your investment 12 ways.., 

1* The 12-slot motherboard and 10 drive bays allow maximum 
system expandability for a longer return on investment. 

2* Certified to run in all six operating systems: Novell 
Netware, SCO Xenix, ISC UNIX, IBM OS/2 EE, Microsoft 
OS/2 and Quarterdeck's DESQview. 

3, Miiitiple choices to meet every performance need — 
386-20, 386-25,386-33 and 486-25 MHz. 

4* Large 64K two-way cache allows use of lower-cost DRAM 
in main memory. 

5. Pipelined memory means faster operation under multi¬ 
tasking O.S. 

6. Exclusive CSS Silent Memory Bus/" triple-grounded 
to ensure maximum data integrity 

7.100% Ar compatible, 8 MHz PO bus. 

8. Reliable performance even with a “loaded” system 
—driven by a 400-watt power supply 

9. Mini-Tower option with five drive bays—for the 
flexibility to meet economy-conscious needs. 

10, Ultimate software compatibility in all 286/386 
operating environments. 

11. Every board is individually tested and proven 
to perform, then tested again after system 
assembly. 

12, Renowned CSS made“in-the-U.S.A. quality. 
For more information on these or any of 
the other investment-wise CSS products— 
from desktop systems to the CSS Diskless 
Workstation, from mo±erboards and 
peripheral cards to high¬ 
speed text and graphics 
laser printers -“just call 
write CSS today 





Microbytes 


Staff-written highlights of developments in technology and the microcomputer industry, 
compiled from Microbytes Daily and BYTEWEEK reports 


Will Clock Speeds Top Out at 50 MHz? 


A n issue that computer designers 
can’t seem to agree on is the 
ultimate potential speed limit of 
microprocessor clock rates. The more 
conservative argument, put forth at the 
Microprocessor Fomm by Micropro¬ 
cessor Report editor Michael Slater 
and several other conference speakers, 
maintained that clock speeds will top 
out at about 50 MHz, primarily 
because of the limitations of conven¬ 
tional packaging and circuit board 
design, as well as the limits of 
memory speed. 

*‘The electrical environment be¬ 
comes a real problem at clock speeds 
higher than 33 MHe,” said John 
Theus, chief designer of the Tektronix 
XD88 workstation. 

Former IBM Fellow Andrew 


D igital Equipment Corp. (Maynard, 
MA) has developed a new method 
for the electronic packaging of 
semiconductor chips that DEC says 
will yield processor boards with 30 
times the density of the boards used in 
its VAX 8800 minicomputer. The 
packaging density determines the 
interconnect distances and thus the 
speed of signal propagation between 
ICs, DEC says. Signal propagation 
speed affects the cycle times of 
microprocessors and the data transfer 
rate between processors and memory. 
The typical signal propagation delays 
inherent in conventional printed 
circuit boards are a major obstacle to 
advances in processor performance. 

dec’s new packaging technology, 
developed at the company’s facility in 
Cupertino, California, consists of three 
main components: the High-Density 
Signal Carrier (HDSC), the Multi- 
Chip Unit (MCU), and the Planar 
Module, which connects multiple 
MCUs into a single system board. The 
HDSC performs the same function as 
a conventional board but allows circuit 
densities three to five times greater, 
DEC says. Using eraitter-coupled- 
logic (ECL) devices, the logic of the 


Heller was decidedly more optimistic, 
predicting clock sp^s of 100 and 
150 MHz in the “next few years.” 
Heller said new packaging techniques, 
such as “processor modules” and 
increased packaging density, would 
allow these higher clock sp^ds. Jim 
Peterson of Bipolar Integrated 
Technology said that his company is 
using bipolar technology to develop 
SPARC processors with a clock speed 
of 100 MHz. 

Nevertheless, microprocessor 
experts agree that higher memory 
bandwidSis (i.e., wider memory buses) 
would be needed to reach these higher 
levels of performance. MIPS Com^ 
puter cofounder John Hennessy said 
that “64-bit address space is the next 
major architectural hurdle.” 


four 15- by 12-inch boards of the 
VAX 8800 is represented on a single 
4-inch-square HDSC—meaning a 30- 
fold increase in packaging density— 
according to DEC. 

The HDSC is a nine-layer package 
on a substrate of polyimide-copper 
with a finished size of 4 inches on a 
side. Typical propagation delay on the 
HDSC is 160 picoseconds per inch, 
versus a delay of about 200 ps per 
inch on traditional boards, DEC says. 
The HDSC supports a range of chips, 
including ECL gale arrays and self- 
timed RAM chips developed by DEC. 
Power distribution and termination 
circuitry are built directly into the 
HDSC, eliminating the need for 
separate diodes, resistors, and decou¬ 
pling capacitors. 

The HDSC package mounts on the 
MCU, which can support up to 72 
VLSI chips and has 800 I/O connec¬ 
tors (200 connectors on each side, 100 
of which are ground connectors). 
Multiple MCU packages can be 
mounted onto the planar module, 
which is an advanced version of a 
printed circuit board. DEC officials 
displayed a 24- by 24-inch planar 

continued 


NANOBYTES 


Intel will bring out a 50-MHz 
version of its 804S6 this year, 
according to the man they call the 
“chief architect” of that processor, 
John Crawford. Ten years from 
now, Crawford predicts, we can 
expect the “Intel Micro 2000,” a 
processor that will consist of 50 
million transistors and, he prom¬ 
ises, will be compatible with the 
80386. (The BYTE News and 
Technology Department hereby 
announces its Micro 2000-based 
pocket-size workstation, making us 
the very first to introduce a system 
based on the forthcoming chip.) 

Before the flood: Speaking of 
whaf s ahead, 80 80486-based 
systems are currently on the 
drawing boards in Ikiwan, accord¬ 
ing to an Intel offidaL There are 
400 S0386-based machines in the 
works there, he said. 

So how are the makers of more 
expensive personal computers 
going to separate their systems 
from the herd? Can you say 
multimedia, boys and girls? 
“Multimedia is a way for the truly 
value-added PC makers to distin¬ 
guish themselves,” said Bob 
Brannon, of Intel’s Princeton (NJ) 
Operations, at a recent conference. 
Brannon works on Intel’s Digital 
Video Interactive project, whose 
aim is to “get TV into the PC in an 
interactive fashion.” TV-in-a-PC is 
something that the low-cost doners 
can’t afford to offer, he said. 

PC fax boards could soon be 
exchanging binary files at 9600 
bps. A binary-transfer standard for 
flax boards “is getting nailed 
down ” according to George 
Masters, president of fax-board 
maker FVemont Communications 
(Fremont, CA). Some boards have 
a “peer to peer” binary transfer 
capability by which they can ship 
files to other boards of the same 
make, but there’s no industry file 
transfer standard. 


DEC’S New Packaging Yields Denser Boards 
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MICROBYTES 


NANOBYTES 


The Library of Congress’s col¬ 
lection of 88 million printed and 
recorded items could someday be 
available on a national informa¬ 
tion system j if the government 
approves an advanced communica¬ 
tions network proposed by Senator 
Albert Gore (D-TN). “Thousands 
of books could be on-line, avail¬ 
able at the touch of a button ” Gore 
said at a senate hearing recently. 
James Billington, the chief 
librarian for the Library of Con¬ 
gress, envisions citizens being 
able to go to their local library and 
browsing through the Library of 
Congress’s resources via computer. 
Gore’s proposal would create a 
National Digital Library of 
unclassified federal data banks and 
software libraries. 

Some citizens at 1600 Pennsylva¬ 
nia Avenue are also backing estab¬ 
lishment of a national computer 
network. The White House Office 
of Science and Technology has 
proposed setting up a National 
Research and location Network, 
linking 1000 research sites around 
the country and capable of trans¬ 
mitting material at speeds compa¬ 
rable to sending 50,000 single¬ 
spaced typed pages in 1 second. “A 
future national high-speed network 
could have the kind of catalytic 
effect on our society, industries, 
and universities that the telephone 
system has had during the twenti¬ 
eth century,” said OST head Allan 
Bromley in a letter to Congress. 

Sun Microsystems (Mountain 
View, CA) has opened up its SBus 
to other companies for building 
add-in boards or computers. The 
SBus, which made its debut last 
spring in the SPARCStation, is 
capable of transferring data at 80 
megabytes per second. Sun says; 
that makes it about twice as fast as 
the NuBus and the Extended 
Industry Standard Architecture 
bus. Paul Borriii, former National 
Semiconductor executive who 
helped develop the FutureBus 
specification and now works for 
Sun, emphasized that the SBus is 
“not specifically a system bus” but 
rather a “modular I/O intercon¬ 
nect,” or a “mezzanine bus” that 
can coexist with other buses. 


module containing 16 MCUs. 

DEC has no plans to license its 
new packaging technology to other 
systems manufacturers. The new 
packaging will appear in a wide range 
of upcoming products from DEC, 
according to John Manzo, manager of 
systems software engineering. Other 
companies have been working on 
similar wafer-scale integmtioii of 
circuits. IBM has developed a liquid- 


cooled thermal conduction module 
that uses tiny thermally controlled 
bumps to connect circuits. Siemens 
and NEC are reported to have projects 
under way involving ceramics and 
high-density packaging. But DEC 
claims to be first to have this 
technology ready for commercial use. 
At this point, though, it’s not clear to 
what extent the packaging method will 
increase performance. 


New Battery Could Last a 

B y the mid 1990s, your laptop 
computer could be powered by 
batteries that weigh one-fifth the 
weight of current cells, run for days 
before they need to be recharged, and 
last longer than the computer itself. 

And your desktop computer could 
have a built-in backup power supply 
the size of a couple of packs of 
cigarettes. The promise of these 
lightweight, long-life power cells 
comes from technology being devel¬ 
oped by a young company called 
Moltech Corp. (Shoreham, NY). 

Moltech is developing thin-fllm 
batteries based on solid conducting 
polymer electrolytes instead of the 
more conventional (and corrosive) 
liquid electrolytes used in most of 
today’s batteries. Batteries based on 
liquid polymer electrolytes already 
exist, but they work only above 80 °C, 
obviously limiting their utility in most 
applications. But Moltech scientists 
expect their solid solvent-free batteries 
to work at room temperature and 
below. Solid polymer batteries will be 
based on anionic groups (usually 
vanadium oxide or titanium sulfide) 
attached to a polymer “backbone.” 

Polymer batteries will have several 
advantages over current lead-acid and 
nickel-cadmium cells, Moltech 
president Terje Skotheim says. In 
addition to five times greater power 
storage capacity per weight or volume, 
they’ll have a charge/discharge cycle 


Laptop’s Lifetime 

of more than 1500 cycles (as opposed 
to about 200 for current batteries), he 
says. 

But the most intriguing thing about 
polymer batteries is dteir potential for 
ultMong life. They’re expected to lose 
only 1 percent of their power capacity 
each month, Moltech says. Conven¬ 
tional batteries lose up to 30 percent 
per month while in use. “These 
batteries will outlast most devices that 
they power,” Skotheim claims. 

Because the batteries will be 
manufactured in polymer sheets, it 
should be easy to make cells of 
different sizes and capacities. For 
example, a tiny battery for a calculator 
could be made by “cutting off a small 
comer of the polymer sheet ” accord¬ 
ing to Skotheim. A large-capacity 
battery for a backup power supply 
would result from “roiling up the 
polymer sheet.” 

Skotheim says polymer batteries 
will be less expensive to manufecture 
than conventional cells, but because of 
their size and expected longevity, 
they’re likely to fetch a hefty premium 
in their initial incarnations. 

But it will be a while before youll 
be able to buy a lightweight, long-life 
battery for a laptop computer. Moltech 
doesn’t plan to have a functioning 
prototype ready until “late 1991” at 
the earliest. And consumer applica¬ 
tions probably won’t be available until 
several years later. 


New Titles Show Diversity of CD-ROM 


W eTl know that the CD-ROM 
market has matured when we 
need a CD-ROM just to list all the 
CD-ROM titles. Until then, we can 
gauge the market by the types of titles 
that make it to disk. Judging by recent 
releases, the CD-ROM catalog is 


diversilying. Here's a sampling of 
some new platters. 

Meridien Data (Scotts Valley, CA) 
has compiled hundreds of images sent 
back to Earth by the Voyager and 
Viking planetary probes. The GRIPS 

continued 
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IM now thae was only one 
to int^rate C and AssemHer. 



While C and Assembler give you power 
to bum, switching back and forth between them 
can leave your brain feeling a litde fried. 

All that stopping. And starting. And con¬ 
stantly retracing your steps. 

Well, relax. Now there’s Microsoft® 
QuickAssembler. Available with our clever 
QuickC*Compiler in one location: the first inte¬ 
grated environment for C and Assembler 

For the first time, you can save time with 
an integrated editor, compiler, assembler and 
debu^er that let you create C programs, mixed 
C andAssembler programs, or A^mbler pro¬ 
grams that stand done. 

To make sure you feel at home in your 
new environment, we’ve designed Microsoft 
Quick Advisor, a hypertext electronic manual 
that coaches, coaxes and guides you on screen. 


Quick Advisor gives you access to information 
on all ROM BIOS and MS-DOS*calls. And it 
even lets you cut and paste sample programs, 
so you can make both C and 
As^mbler subroutines part 
of your routine in no time. 

For more details on 
the incredible integrated 
power of QuickAssembler 
and QuickC Compiler, call 
(800) 426-9400. nyou own . 

QuickC (Compiler version 2.0 already, well tell 
you how to add on QuickAssembler quick 

And take a load off your mind. 

MScmsoft 

Making it all make sense: 



Customers inside the 50 United States, caD tSOO) 426^9400. Ih Canada^ caD (416) 673-7638. Outside the U S and Canaria call (206) 8a2-866l. © Copyright 1938 Microsoft Corpczatioa All rights leserHod- IvTicrcsaft, the 
Micinecift logo, MS-DOS and QuickC are registered hadbnarks and make sense is a h^demaork of Micmsofl CcrporatiorL 
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New FbxPro 

Shifting the Balance 
Of Power in Database Management 


There’s a new leader in the rela¬ 
tional database management 
world. Its name is FoxPro. 

FoxPro is the first and only 
microcomputer database man¬ 
agement system that combines 
astonishing performance with a 
sleek interface of amazing 
power and beauty 

■ FoxPro offers all the elegance 
and accessihilily of a graphic- 
style interface, yet operates at the stunning 
speeds possible only with character interfaces. 

■ FoxPro is so easy to learn and use, even 
beginners can become productive imme¬ 
diately; yet it’s powerful and sophisticated 
enough to satisfy the needs of the most 
demanding developers and power-users. 

■ FoxPro gives you choices instead of limits: 
use a mouse or a keyboard; type commands or 
use the object-oriented interface; run in one 
window, or hundreds. 

■ FoxPro is so efficient, it runs in a 512K 
PC-XT, yet it’s able to take advantage of the 
speed, expanded memory and extended video 
modes of the most advanced machines avail¬ 
able. You don’t even need a graphics card or 
special windowing software. 

Nothing is Taster 

Fox Software products are famous for their 
unmatched execution speed. FoxPro extends 
that tradition. 

FoxPro is up to eight times faster than dBASE 
IV—more than 15 times faster than dBASE III 
PLUS! 

And that blazing speed translates into 
unprecedented power. Now you can efficiently 
process gigantic databases with hundreds of 
thousands—even millions —of records. 

Protecting Your Investment 

With FoxPro, your existing FoxBASE+ or 
dBASE 111 PLUS programs will run per¬ 
fectly—first time. every time, no excuses. And 


FoxPro is language-compatible 
with dBASE IV, But FoxPro 
doesn’t stop there. It has over 
140 language enhancements not 
found in any version of dBASE. 
We’ve outdone ourselves by 
adding more than 200 language 
enhancements you won’t find in 
FoxB ASE -H. 

Best of all, FoxPro opens up 
whole new worlds for your 
applications by letting you move 
them onto a variety of different platforms. 

The Tradition Continues 

Fox Software is committed to excellence—our 
products prove it. 

We've been producing superb database 
management software since 1983. And our 
products for both the PC and the Macintosh 
continue to win awards worldwide. 

We’ve taken everything we know about soft¬ 
ware engineering, databases and interface 
design, and focused it into one remarkable 
product—FoxPro. 

FREE Demo Disk 

Shift the balance of power in your favor by 
trying FoxPro for yourself. 

Call (419) 874-0162 now to get your free demo 
disk. Or ask for the FoxPro dealer nearest you. 
See for yourself: Nothing Rum Like The H>x, 

FwcBASE-\- Users: 

Call About Our Liberal Upgrade Offer! 

System Requirements: FoxPro operates in 5I2K RAM (640K 
recommended) with MS/PC-DOS 2M or greater and an 
80S6/8088, 80286 or 80386 microprocessor. For optimum per¬ 
formance, fo.xPro Jakes complete advantage of any availabie 
EMS {expanded memory) or a math coprocessor. 
Thademark/Owner: FoxPro, FoxBASE+IFox Software; dBASE 
fllPLUS, dBASE IV/AshTon-Tate. 



'■ FOX Software * 

Nothing Runs Like The Fox. 

Fax Software, inc. (419) 874-0162, Ext. 320 
134 W South Boundary FAX: (419) 874-8678 
Pferrysburg. Ohio 43551 Telex: 6503040827 FOX 
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Solbourne (Longmont, CO) and 
Matsushita Electric of Japan are 
collaborating on a 64-bit SPARC 
processor with a 40-MHz clock 
speed, said Solboume’s vice presi¬ 
dent of engineering, Mike Schuma¬ 
cher. Like other new chips, the 
Solbourne SPARC processor will 
include integrated integer and 
floating-point processors, separate 
instruction and data caches, and on- 
chip memory management* The 
chip will contain 1 million transis¬ 
tors and will measure only 15 
millimeters on a side, Schumacher 
said. Solbourne plans to introduce a 
workstation based on the new 
processor in mid-1990. 

Sybase (Emeryville, CA) has 
developed a specification for 
networked communications 
between diverse database 
applications. As an ‘‘open” 
standard, the Open Server applica¬ 
tion programmer interface will 
enable developers to create a 
server-based front end for non- 
Sybase databases and applications, 
the company says. This would 
allow minicomputer and mainframe 
databases (e.g., DB2, RMS, Oracle, 
and Ingres), other large-system 
applications, and real-time data 
feeds to be transparently accessed 
by any client or server application 
that supports the format. Open 
Server object code is slated to be 
released for Unix and OS/2 
machines next year, Sybase said. 

NIPS, not MIPS: Computers 
designed specifically to move data 
on and off networks will replace 
plain old computers as servers, says 
a new study from Forrester 
Research (Cambridge, MA). The 
report says this new breed of 
network computer will employ 
multiple buses, intelligent I/O 
subsystems, and multiprocessing 
capability to provide faster 
throughput than is possible with a 
standard computer; they’ll also 
have redundant power supplies, 
backup components, and error- 
correction fecilities. Instead of 
millions of instructions per second 
(MIPS), Forrester researchers say, 
these systems will be gauged by a 
new measurement: network I/Os 
per second, or NIPS. 


(Government Raster-Image Processing 
Software and Data) disk contains 
photos of Mars, Jupiter, and Saturn, 
but not the recent photos of Neptune. 
Meridien concedes that it*s not easy to 
fmd a specific image from among the 
hundreds on the disk but says it is 
trying to make the compact disk more 
user-friendly. The $9 CD can be 
viewed with a Macintosh- or IBM- 
compatible drive. 

Encyclopaedia Britannica (Chi¬ 
cago) has put all 26 volumes of 
Compton’s Encyclopedia (31,200 
entries) onto a CD and has added 
“multimedia” enhancements, such as 
color and black-and-white illustra¬ 
tions, sound (e.g., famous speeches 
and snatches of music), and animated 
sequences. Hypertext mechanics let 
you jump topics or delve further by 
clicking on words and icons. 
Compton’s Multimedia Encyclopedia 
should be released next month at $895 
($795 for schools and libraries); it will 
work with IBM-compatible drives 
from Sony, Hitachi, and Amdek. 

Wondering about that diet of 
Teenage Mutant Ninja Turtles cereal 
and Jolt Cola? The Food/Analyst from 
Hopkins Technology (Hopkins, MN) 
is a database of 5000 foods and 80 
nutrients, including fast foods and 
breakfast cereals, that the company 
says can adapt to a user’s eating habits 
and provide nutritional evaluations. 

For companies doing business with 
the U.S. government. Optical Publish¬ 
ing (Fort Collins, CO) has put together 
Farsearch, a database containing the 
complete Federal Acquisitions 


Regulations and list of Department of 
Defense FAR bases. 

Need a fex number? If it’s listed 
anywhere in the world, or if there’s a 
telex number, Jaeger + Waldman 
Publications (Bethpage, NY) says you 
can find it on the J + W Commdisc. 

Quanta Press (St, Paul, MN) is like 
one of those mail-order music houses 
that stock everything from Big Bill 
Broonzy to Yma Sumac. The com¬ 
pany distributes an eclectic range of 
disks, some compiled by other 
publishers. The latest additions to 
Quanta’s catalog include The World 
Factbook, an annual almanac com¬ 
piled (and unclassified) by the Central 
Intelligence Agency; Dick’s Some of 
the Earth’s Planes, a visual digest of 
aircraft; Seals of the Government 
Printing Office (official emblems of 
federal agencies like the Railroad 
Retirement Board); Shareware Gold, a 
collection of shareware programs; and 
About Cows, a compendium of 
information on our bovine friends. 

And one of the most browsed 
books in the world, the Guinness Book 
of Wbrld Records, has been adapted 
to CD-ROM by Pergamon Compact 
Solution (London) and Knowledge Set 
Corp. (Mountain View, CA). The 
company has added color photos, 
sound effects, animation, and music to 
this annual assemblage of data. To 
page through the $99 Guinness Disk 
of Records and find out who holds the 
world record for pizza consumption, 
you’ll need a Macintosh with a CD- 
ROM drive and HyperCard 1.2 or 
higher. 


Compiler Optimization, Parallelism Hold Keys to 
Improving Processor Performance 


T o make the next leap forward in 
microprocessor performance, 
designers will have to improve 
compiler optimization and make better 
use of parallelism, according to 
experts gathered at the Microprocessor 
Forum in San Jose, California. 

There is “real opportunity” in 
better compiler technology, with 
possible three- to fourfold perfor¬ 
mance improvements as a result, said 
Stanford University professor and 
MIPS Computer cofounder John 
Hennessy. The challeiige is to enable 
compilers to recognize microprocessor 
operations that can be executed in 
parallel, rather than sequentially. 
Parallelism is inherent in simultaneous 


integer and floating-point operations. 
With modern microprocessors now 
integrating floating-point and integer 
units on a single chip (e.g., Intel’s 
80486 and Motorola’s 68040), 
developers must now update compil¬ 
ers to take advantage of this new level 
of integration, Hennessy said. Most 
compilers currenliy on the market 
cannot perform parallel floating-point 
and integer operations. 

Andrew Heller, industry consultant 
and former EBM Fellow, agreed with 
Hennessy’s view, saying that compil¬ 
ers must be designed “to recognize 
parallelism.” He also said that 
compilers could benefit from better 
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In the tidy world of diagrams, nobody ever moves 
to a new office. Or changes jobs. But in the real 
world, moves and changes create telephone 
chaas. Where can you find a phone system that 
puts you back in control? At your local phone 
company With advanced Digital Centrex Service 
provided from the Central Office, you get to 
control, assign 
and service your 
own phone lines. 

Make your own 
moves and 
changes. Right from your own premises. 

Employees get to keep the same phone number 
no matter where or how often they move. And 
you get to keep your sanity All thanks to the state-of- 
the-art 5ESS* Switch from AT&T Network Systems. 
Need a change? Make a move. Call your local 
phone company 


You and Your 
Local Phone Companies 


PATST 

= Network Systems 
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Maxem Corp* (Tempe, AZ) is now 
offering Cause, its object-oriented 
programming software, in a 
package that contains a version for 
IBM compatibles and a version for 
Macintoshes. The new mixed- 
environment edition is priced at 
$495, which is what the PC- and 
Mac-specific versions used to sell 
for; those editions now cost $295. 
Cause is designed to let users 
develop custom applications 
without learning a programming 
language; instead, you pick and 
choose icons that represent 
functions. 

Shareware collections were the 
best-selling CD-ROMs in 1989, 
according to a top40 list compiled 
by the Bureau of Electronic 
l^blistiing (Upper Montclair, NJ), 
a disk distributor. Shareware Grab 
Bag (Aide Publishing) and PC-Sig 
Library (PC-SIG) sold more copies 
than Grolier*s Encyclopedia (which 
was number one in 1988), Micro¬ 
soft Bookshelf, Microsoft 
Programmer’s Library, McGraw- 
Hill’s Science Sl Technology 
Reference, and the Oxford English 
Dictionary, the company says. 

One of the first things people notice 
about the little Zenith MinisPdrt 
computer is its use of 2-inch 
floppy disks. *‘Cute” they say. 

“But where will I be able to buy 
them?” When Zenith introduced the 
MinisPort, no one was selling 2- 
inch floppy disks for computers 
(Sony and others were using them 
in electronic cameras). But now 
Memorex (Santa Clara, CA) is 
making the teeny floppy disks for 
use in computers. They Ve compat¬ 
ible with current floppy disks and 
can store 1 megabyte of data. 

More than 30 companies involved 
in establishing a standard for FDDI 
(Fiber Distributed Data Interface) 
LANs have formed the Advanced 
Networking Group to investigate 
interoperability between products 
from different vendors. The ANG 
roster includes Advanced Micro 
Devices (the initial sponsor), 
Hewlett-Packard, AT&T, Sun, 
Ungermann-Bass, and Sony. The 
group’s first task is setting up the 
Interoperability Test Center. 


instruction scheduling techniques. 
“The biggest inhibitor [to improved 
performance] is the lack of software 
tools ” said Heller. 

“P^allelism is a key concept ” said 
IBM’s director of engineering for 
workstations, Phil Hester. “Compilers 
have to be able to dispatch multiple 
instructions in a given cycle.” 

Although the Microprocessor 
Forum is essentially a hardware 
conference, several speakers empha¬ 
sized the importance of software in 
taking processor performance to the 
next level. Indeed, there was a grain of 
pessimism among the speakers in 
predicting future performance gains. 
Hennessy was not optimistic about the 
progress of multiprocessing, saying 
that it will be the late 1990s before 
multiprocessing systems actually 
come to market. “We have underesti¬ 
mated the complexity and system 
architecture problems” associated with 


multiprocessing, he said, a sentiment 
echo^ by other conference attendees. 

The old problem of binary com¬ 
patibility is another obstacle to per¬ 
formance improvements. According to 
Intergraph’s technical marketing 
manager, Harley McGhan, designers 
of the first RISC processors were able 
to make major performance gains 
because th^ started with a clean slate; 
they didn’t have to worry about binary 
compatibility with earlier generations. 
However, upcoming RISC chips will 
have to maintain binary compatibility, 
and this will limit the degree of 
performance improvements. 

The annual Microprocessor Forum 
is organized by the Microprocessor 
Report newsletter and its editor, 
Michael Slater You can order 
audiotapes of the proceedings by 
writing to Slater at Microprocessor 
Report^ 550 California Ave., Suite 
320, Palo Alto, CA 94306. 


New ROM DOS Frees Space for Applications 


M icrosoft (Redmond, WA) has 
develop^ a version of MS-DOS 
that executes in the computer’s ROM 
rather than in RAM. The company is 
aiming the ROM-executable DOS at 
makers of laptop computers and 
embedded systems—R^qet Computer, 
for example, is using ROM MS-DOS 
in its hand-held PC. Several comput¬ 
ers come with DOS in their ROM 
chips, but they first load the operating 
system into RAM. 

The main advantage of ROM- 
executable DOS is that it saves 
approximately 40K bytes of RAM, 
which is then available for other 
applications. Designers of embedded 
systems will be able to build DOS 
directly into the hardware and then 
will be able to run MS-DOS applica¬ 
tions. The ability to build MS-DOS 
into embedded applications will make 
it easier to develop software for those 
systems, according to Microsoft 
product manager Mark Chestnut. 


ROM-executable DOS is “preconfig¬ 
ured” in the host computer system, 
thus eliminating boot procedures from 
disk or time delays while the operating 
system loads into RAM. 

Microsoft had to significantly 
rewrite MS-DOS to make it ROM- 
executable, program manager Tom 
Lennon told BYTE. “We had to 
completely reorganize the segmenta¬ 
tion areas in memory” said Lennon. 
The ROM version is actually a “split 
system,” using small portions of RAM 
for accessing “modifiable” data, such 
as the file structure, he said. 

Microsoft will supply a “binary 
adaptation kit” to OEM licensees, 
which includes the code and instruc¬ 
tions necessary for “burning” MS- 
DOS into the OEM’s ROM chips. 
Emerson Radio Corp. and Headstart 
Technologies have licensed the 
product. Vadem Corp. will distribute 
ROM DOS for its Intel 80186-based 
embedded processor systems. 


INMOS Cuts Cost of MIPS to $2 Each 


NMOS has designed a low-cost 
version of its 32-bit T425 processor 
that the company says is capable of 10 
million instructions per second at 20 
MHz; at a volume price of $20 each, 
this translates into a price/performance 


level of $2 per MIPS, INMOS says. 
The new T400 has a full 32-bit 
integer-only CPU but no floating¬ 
point unit. It is fully software- 
compatible with other transputers. 
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Intelligent Database Tools are Here! 

Is your Database an Asset or just a File? 


As your database grows, its potential value increases. Your challenge is to keep it error- 
free, understand it, and use it to make effective decisions. These are the tools you need: 

J * DATABASE ^ Maintain data quality and data integrity. Keep your 

^ P £ U V 1 4 ® database error-ftee. Database/Supervisor analyzes your 

databases and identifies suspicious data items, and 
patterns which are out of the ordinary. It automatically detects errors which violate 
statistical or logical integrity constraints. If your database is being corrupted, 
Database/Supervisor will show you where. 

jyT The Machine Learning hiddenpamrm and unexpected relationships 

J[ jA. jL( s V 5 T E in your laige datable. IXL analyzes your database and 

generates easy-to-read rules using artificial intelligence 
and statistical techniques. While Database/Supervisor detects errors, IXL produces rules 
and decision-making insight. The solutions you are looidng for may already be in your 
database, waiting to be discovered. 

ikif I m AI //^l IPnv yourself inexact, but potentially valuable, 

IMEURAL/UUcRY answers to your database queries. Close matches are 

more valuable than no response. IXL and Neural/ 
Query are perfect partners. IXL generates rules which can be exported. However, 
Neui^/Query analyzes your large database, builds a network of partial matches, and pro¬ 
vides the closest matching answer to your database queries. Use the full injbrmational 
content of your database. 

The highest-level, easiest-to-use intelligent database en- 
£11 vironment lod^. Build dialogs automatically, link them 
with rules, frames and hypertext in minutes. 
Develop your intelligent application quickly and efficiently, then run it on multiple 
operating systems. The built-in relational database combines expert system logic with 
SQL-based object oriented queries. Accomplish in hours what would otherwise 

Experts love otir software: 

The Intelligence/Compiler is a powerful state of the 
art system for real-world applications. Its intelligent 
editing and debugging facilities are a bonus. AI/Ejq>ert 
Magazine^ February 1988. 

Considering the variety of features that the In- 
telligencc/Compiler provides, it is hard to believe that 
you can get better value for your money. PC/AI 
Magazine, June 1989. 

Having used IXL on a large database of geological test 
data, we were surprised by the many relationships it 
found. This has greatly helped us to interpret our Oil 
Company database. Mr. James Brown, Oil 
Industry Consultant, July 1989. 



Our leadership in this field 
of technology is unsurpassed. 
Ask for our books Intelligent 
Databases and Expert Systems 
for Experts by K. Parsaye, et al., 
published by John Wiley. 




will ywir database errors live forever? 



Alone in a universe of data? Let IXL be your guide. 



Are ^ sure you have no listing for the Vite Home. 



IntelllgenceW^re 

77i^ Next Level In Compiling 
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I want tx> win with your ea^-to-use intelligem database cools. 


im Send me your complete collection of intelligent database tools for $1,490. 


O Send me the three componenti: 


, for $990. 

□ Send me the Rinfle component: 

for $490. 


Computer ^siem: □ IBM/PC □ PS/2 O Macintosh 


Also available on VMS, Unix and OS/2 

Name 

□ Cheek enclosed^ Charge to: P Visa □ MC D AMX 

Company: 

Card No: 

Expiration 

Address: 



TeJqjhone: 


InceliicienceVV^e 


9S00 S. Sepulveda Blvd. i 

E Los Angeles. CA 90045-5228 

p Telephone: (213) 4 J 7-8896 

^ Telefax: (213) 417-8897 

For tekphoiM orders call {StMb 8gS«299d 

Shipping end handling: US £9, Canada and Hawaii $2)0^ 

Overseas Air S5Cl Csiifbmia resident please odd 6i5% sake lax. 












































1 The NeXT™ Computer 
System is the first com¬ 
puter in the world {and 
so fer the only} to use read/ 
write/erasable optical storage. 
While PCs today are typically 
equipped with Winchester 
drives that store 20 to 40 MB, 
a single optical disk can store 
256 MR Plus, it is removable, 
for portability and added se¬ 
curity. This 
dramatically 
new tech¬ 
nology pro¬ 
vides storage 
that is simul¬ 
taneously 
vast, reliable and cost-effcctivc 
-a combination unmatched by 
computers of any size. 



2 NeXT has made the 
po\ver of UNIX* usable 
by mere mortals. 
UNIX is the high-performance 
operating system used by 
workstations to achieve true 
multitasking and superior net¬ 
working Unfortunately, it has 
always been the 
antithesis of user- 
friendly. NeXT has 
^ given UNIX a revo- 
JjpF lutionary new inter- 
face-one that is 
both visual and intu- 
itiveNowcomputer 
users of every level 
can instantly wield 
this tremendous 
power, with no tech¬ 




nical knowledge whatsoever. 


3 Tb achieve the power 
needed for the 90s, 
NeXT bypassed tradi¬ 
tional workstation architecture 
and went dirccdy to that of 
a mainframe. This eliminates 
botdenecks and attains an 
extraordinary level of system 
‘‘thrDughput’'-the true mea¬ 
sure of computer performance. 
Only through the use of VLSI 
(Very Large Scale Integration) 
technology could this architec¬ 
ture be reduced 
in size so that 
it could fit 
inside 
a desk-^ 
top com-' 
putcr. It^ _ 
a mainframe on two chips. 



4 While PostScript* has 
long been the industry 
standard for printing, 
NeXT has made it fast enough 
to also be used on the display. 
This“unified imaging model” 
ensures that what you see on 



the display is precisely what 
you will get on paper. Ail your 
work, in any size type and any 
degree of rotation or magnifi¬ 
cation, appears with perfect 
92-dots-per-inch clarity on the 
NeXT Megapixel Display. 
And with laser precision at 400 
dpi on the NeXT Laser Printer. 


IN THE 90s,WE'l 
ONLY TEN REAL BREAKTW 

HERE ARE SEII 






































5 The NeXT Ck)mputer 
System is the first to be 
capable of producing 
CD-quality sound.Without re¬ 
quiring any additional equip- 
ment.This feat is made possi¬ 
ble by a chip that has been 
specifically designed for the 
task of manipulating sound- 
the Digital Signal Processor 
(DSP). Because this processor 
is standard ~ 
in every 
NeXT 
machine, 
software 
developers 
will be able to call upon its pow¬ 
er to enrich programs we use 
every day. Now computers 
will not just be seen, but heard. 



6 NeXT Mail takes elec¬ 
tronic communications 
beyond anything youVc 
seen on a personal computer 
before. Now you can send and 
receive multimedia mail-in¬ 
cluding text (with varied 
type fonts, styles and sizes), 
graphics and voice messages. 
And despite its high level of 
sophistication, NeXT Mail is 
so intuitive, you may not ever 
need to open the manual. 
NeXT Mail is built into the 
system, a ong with Ethernet 
andTCP/IRsothcNcXT 




llB3wvtcel 1_S«^ 

machine can quickly become 
a part of existing networks. 


7 Programmers can 

create software on the 
NeXT Computer up to 
ten times foster than on any 
other computer—the result of a 
breakthroughcalled NextStep.* 
It gives software developers 
the power to create the graph¬ 
ical user interface portion of 
their applications (often the 
most time-consuming and dif¬ 
ficult part) 
without 
any pro¬ 
gramming 
at all. 

This revo¬ 
lutionary environment means 
wc will sec more programs, and 
better ones, in less time than 
ever possible before. 



These seven breakthroughs 
will change the way we use 
computers in the 90s. Which is 
whyBusinessland,the leading 
supplier of computers to 
corporate America, chose the 
NeXT Computer System as 
the workstation they will offer. 
Call us at 800-848-NeXT and 
we’ll send you a 28-page bro¬ 
chure describing the NeXT 
Computer. We'll also give you 
the address of your nearest 
Businessland Center. There, 
you can experience for your¬ 
self the first seven 
breakthroughs 
of the 90s. And 
get a good idea 
w'hcre the next 
three will come fromr 



PROBABLYSEE 
lOUGHS IN COMPUnRS. 
N OF THEM. 
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IBM shaved 5.8 percent off the 
price of three PS/2 models and 
pruned the price of one by 20 
percent. The 8086-based Model 30- 
021 now costs $2255 (it was 
$2395); the 80286-based Model 30- 
E21 now costs $2445 (it was 
$2595); and the big 80386-based 
Model 80 with a 314-megabyte 
hard disk drive now costs $11,295 
(it was $11,995). The biggest cut 
came to the Model 70-121, an 
80386-based box with a 120- 
megabyte hard disk drive; it now 
lists for $6395 instead of $7995. 

Citing drops in the cost of memory 
chips, AST Research (Irvine, CA) 
took a chainsaw to the price of its 
l-megal^te RAMpage PC board. 
The memory-expansion card now 
has a price tag of $695; it used to 
be $1245. AST also trimmed the 
price of its VGA cards; the 8-bit 
AST-VGA now costs $399 (it was 
$445), and the 16-bit AST-VGA 
Plus is now $449 (it was $599). 

After a successful trial test, the 
National Institute of Standards 
and Ibchnology (Gaithersburg, 
MD) is proposing that ISDN be 
part of the Government Open 
Systems Interconnection Profile. 

As of August 1990, federal 
agencies cannot buy certain tele¬ 
communications or network 
products unless they conform to 
GOSIP. NIST wanted to make sure 
ISDN and GOSIP can get along 
together before suggesting the 
former be a part of the latter. 

Meanwhile, at Interop ’89 in San 
Jose, CA, a group of vendors 
staged a demonstration of IBM PC 
applications running over ap OSI 
network through a NetBIOS 
interlace. In theory, this all means 
computer users will be able to 
communicate with a wide variety 
of ^sterns based on different archi¬ 
tectures. 

Aldus (Seattle) says that Page¬ 
Maker for OS/2 L2 will support 
mainframe graphics files (CGM 
and GDDMVPIF) and will be able 
to drive Hewlett-Packard’s Laser¬ 
Jets. The company expects to 
release sometime in early 1990 a 
Russian version of PageMaker. 


INMOS says that it reduced the cost 
by having only two instead of four 
on-chip serial links and by including 
only 2K bytes instead of 4K t^tes of 
on-chip memory. 

The company hopes that ±e low 
price will encourage the use of several 
transputers in parallel, even in volume 
products like fax machines or Post¬ 
Script printers. 

INMOS says that its next genera¬ 
tion of transputer chips will be 
drastically faster, will incorporate a 
large cache, and will be able to run 
standard operating systems more 
efficiently. The processors will be 
capable of performing 100 MIPS and 
20 million floating-point operations 
per second, said INMOS technical 
director Peter Cavill in London, The 
new chip, currently called the HI, will 
not be available until 1991, he said. 

The serial links on HI will be 
speeded up to 100 megabits per 
second full duplex, Cavill said, but the 
most radical feature of the HI will be 
its support for “virtual links”; an on- 


chip packet network controller will 
multiplex messages onto links 
transparently so that a user program 
sees as many links as it needs, rather 
than the four fixed links of the current 
transputers. This could simplify the 
writing and configuring of parilel 
programs and could make programs 
easily portable among parcel 
computers of different topologies. 

The network controller will also be 
able to “through-route” messages 
destined for other processors without 
any computational overhead. In turn, 
this should improve the performance 
of communication-intensive algo¬ 
rithms. 

INMOS will add a hardware 
memory protection/management unit 
to allow standard operating systems 
like Unix to be run efficiently. The 
new design will also incorporate a 
DRAM controller that supports static 
column modes for fast RAM access. 
Some observers see these changes as 
INMOS’s response to the Intel 80860 
RISC processor. 


Claris Aims to Ease Cross-Platform Transfers 


acintosh software maker Claris 
Corp. (Santa Clara, CA) is 
planning a common architecture for all 
its applications that the company says 
will make it easier to transfer files to 
and from computers of different 
makes. The company says that its new 
XTND (pronounced “extend”) will 
enable software developers to create 
file translators that work with Claris 
products, XTND will let users directly 
import and export word processing, 
graphics, database, and spreadsheet 
files across multiple platforms, Claris 
claims. And because XTND will be 
common to all Claris applications, file 
translators will work with all Claris 
software; all that the Mac user will 
have to do is copy the appropriate 
translator file into the System folder, 
according to Claris. 

MacWrite II 1.1 is the first 
program to incorporate XTND. The 
program supports 30 file-translation 


formats and allows you to transfer 
data files directly with many Mac, 
IBM, mainframe, and minicomputer 
applications, the company says. 

Instead of using a file-translation 
utility to convert your, say, WordPer¬ 
fect PC 5.0 file to the MacWrite U 
format, you select the Open command 
from the MacWrite menu, and XTND 
automatically translates the WordPer¬ 
fect PC document to MacWrite 
format. Conversely, you can save a 
MacWrite II LI file in up to 30 
different formats and then put IBM PC 
(and other) files directly into 
MacWrite II documents, according to 
Claris officials. 

Claris plans to license the XTND 
developer’s kit at no charge. The idea 
is that developers can create a transla¬ 
tor file specific to their application’s 
file format; this assures that Claris 
XTND applications can read and write 
data files of that format. 



NEWS STAFF SEEKS NEWS. DIAL (603) 924-9281. 

The BYTE news staff is always interested in hearing about new developments 
that might affect microcomputers, the way they work, or the way people work 
with them. If you know of a project that could shape the state of the art, please 
give us a call at (603) 924-^Sl or write to us at One Phoenix Mill Lane, 
Peterborough, NH 03458. An electronic version of Microbytes, offering a 
wider variety of computer-related news on a daily basis, is available on BIX. 
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your development teams will 
never shift into high gear. 


Now you can speed up the perfoimance of your 
entire work group with a true multi-processing develop¬ 
ment environment for OS/2. Teamwork is the first CASE 
toolset to support OS/2 software developers. So if you’ve 
been driving DOS-based CASE tools and you’re reac^ 
for workstation power, get reai!^ to fasten your seatbelt. 

The intuitive grai^iic user interface and the 
advanced multi-window, multi-tasking capabilities of 
Teamwork immediately improve individual and team 
productivi^. Each developer creates, edits, and inspects 
multiide design views simultaneously with simple point 
and dick operations. Teamwork fully integrates grai^ics 
and data for structured analysis, data modeling, real-time 
analysis, and structured design models. Rigorous support 
of standard methods, complete syntactical checking and 
balancing assure system quali^. 

Teamwork's own configuration management and 
project status help manage and control even your largest 
projects. Projects can be partitioned to allow parallel 
devdopment by multipJe analysts artd designers. The 
project manager controls the process by the basdine, 
merge, and lecondlc features of Teamwork. 

Teamwork is □ registered trodemork of Codre Technologies Iikl 


If you're just getting started with CASE toolSi 
Teamwork/PCSA is a DOS-based structured analysis 
tool that can also run on your PS/2, As your projects 
grow, Teamwork/PCSA gives you an easy migration path 
siiKe it is fully compatible with Teamwork for OS/2* 
Thousands of developers with applications 
ranging from financial to avionics already rdy on the 
power of Teamwork, In fact» Teamwork is the world's 
leading workstation-based CASE toolset. 

Cadre’s hotline support, maintenance services, 
excellent documentation, and effective educational 
offerings make sure you get started right on the right 
track. That's all a part of Teamwork* 

Call (401) 351-CASE 

If you’re reaefy to shift into high gear, then you're 
reatfy for Teamwork. Anything less, just won’t meet 
your standards. 


A — Codre Technologies Inc. 

I A ike H 222 Richmond St. 

XL FVovidence, Rl 02903 

P$/2 and OS/2 ara trodBniDrki of Internatianal Bu3in«s Machme$. 










































Over half of the Fortune 500 companies, 
that’s who. 

A group that, by and large, is not known 
for taking uncalcuiated risks. 

So when it comes to buying personal 
computers, they scrutinize such things as 
reliability, compatibility, performance, price 
and, oh yes, support. 

The same tilings any smart company 
would look at. 

And the same things the editors at PC 
Week asl(£d corporate volume buyers to rate 
in two recent polls. 

The results were unprecedented. 

SO HOW COME YOU 
NEVER CALL? 

Dell 386" based computers ranked first in 
12 of 12 categories. 

And our 286'-based computers were first 
in 9 out of 12 categories. Making Dell the 
clear call in overall customer satisfaction, for 
the second time in a row. Over Compaq? 
Over IBM! Over everyone. 

But it’s not just our PCs that have caught 
the attention of corporate America. Our 
entire way of doing business is turning heads 
as well. 

Because we sell direct. No retail stores. 

No retail salespeople. 

Instead, you deal directly with someone 
who knows what they re talking about. And 
you get computers individually configured 
to your exact needs. 

A process that not 
only saves you the 35% 
retail markup but 100% 
of the aggravation. 

Which might prompt 
one to ask an even more 
relevant question: Who 
wcnddrit order a computer over the phone? 

800 ' 426'5150 

Rnrd /induce cdt us. fbr M m Qnmfa, eofl SOO-S87'5752 . 
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See Your Data 



Map Info software can find, display and analyze your data 
geographically. See your prospects, customers, facilities 
—anything in your database. Find addresses by street, 
ZIP code, city, etc, (We can even supply the maps.) 



Any point or reoion on the map can have a complete 
record of data behind It. Sea your aofoaf dBASE data in a 
window to view, edit, and print. Draw your own 
boundaries. Add titles and legends for high quality 
presentations. 



Perform analyses on your data to sum. average, or count 
your database records by location. Color sates terriforjes 
by volume of orders, ZIP codes by numbers of loads, 
countries by your demographic data. 


From street-level to worldwide, Maplnfo 
can merge your databases with maps. Play 
visual “what if” with your data. See 
patterns, trends, and opportunities you 
never knew existed. If you need to map 
your data, Maplnfo can do it for as little as 
$750. 

Maplnfo now includes a map of the world and the U S. 
with all Zi p code locations. Runs on IBM PCs orcom- 
patibies with 64DK memory, a hard disk drive, and 
graphics, and comes network-ready. 

MapOiBfkCorp. 

Changing The Way The Worfd 
Looks At information^^ 

200 Broadway. Troy NY 12180 
To order, call 1-518-274-8673 
or 1-800-FASTMAP Tali free. 

Mapintd Is a ErademBri: of Maplirfo Corp. dSASE rs s. trudeniarlk oft AsMon-TaiB. 
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Data Compression Drawbacks 

The 2400-bps modem evaluation (“4800 
Bits, No Errors,” June) was excellent; I 
was gratified to see some discussion 
given to the role of data compression. A 
very important question, however, was 
overlooked: What happens when you try 
to send already compressed data (e.g*, 
.ARC files) to another computer via a 
data-compressing modem? The answer, 
Tm afraid, is that the file grows (and thus 
takes longer to send, defeating the pur¬ 
pose of on-line compression). This is 
true no matter what compression algo¬ 
rithm is used. Compression, ironically, 
involves some overhead* 

Since the entire BBS world now uses 
off-line compression (via special utility 
programs) to achieve data reduction— 
and de facto high baud rates over tele¬ 
phone lines—the value of active data 
compression in a modem would seem to 
be undermined. Perhaps some modem 
manufacturers have incorporated auto¬ 
matic growth-detection and compression 
disablement schemes to deal with this 
problem. 

Kas Thomas 
Greenwichj CT 

Whale Woes 

In response to “Moby Dick 2.1” (Stop 
Bit, July), I would be happy to add my 
experience as an international reader of 
Moby Dick, 

You may not be aware that Moby Dick 
was announced in translated versions at 
the same time as the U.S* version* Obvi¬ 
ously, we had to wait another few months 
before we got translations of version 1 *0. 


WE WANT TO HEAR FROM YOU. Please 
double-space your letter on one side of the 
page and include your name and address. We 
can print listings and tables along with a 
letter if they are short and legible. Address 
correspondence to Letters Editor, BYTE, 
One Phoenix Mill Lane^ Peterborough, 
NH0345S. 

Because of space limitations* we reserve 
the right to edit letters. Generally, it takes 
four months from the time we receive a tetter 
until we publish it. 


Actually, we got version 1.0 in French at 
about the same time as you got 2.0* Un¬ 
fortunately, most of the U.S. publishers 
with subsidiaries in Europe do not follow 
the same update policy in Europe and in 
the U.S. 

What happened was that we received a 
ieiier stating that Moby Dick 2*0 was out 
(in English; the publishers just decided to 
drop the translation) and that we could 
get it if we sent a copy of the original in¬ 
voice, the book, and a check (usually 15 
percent of the newer version's price). 

Many of us were pained; we had al¬ 
ready made notes on the pages, and we 
would lose them* Many of us were not 
fluent enough in English* And many of 
us were disturbed to learn through BYTE 
that 2.1 was already shipping. 

And some of us tried to get 2.1 direct 
from the U.S, Unfortunately, some pub¬ 
lishers refuse to sell direct to Europe; 
you must go through the local dealer* 

Finally, some of us had reported 
errors in 1.0 that we discovered were not 
corrected in 2*0 because of the local 
subsidiary. 

Bernard Jousse 
Barzun, France 

We passed your letter on to Melville 
Press, which responded as follows: 

Nous sommes tres heureujc a announcer 
que Moby Dick es maintenant available 
in una versiona internationale. Espera¬ 
ntos que esta version gonna rneeta all su 
expectationas. Si no, punta. 

—Eds. 

Bigger vs. Better 

“Is Bigger Better?” (July) was timely 
and well-taken. 1 have another consider¬ 
ation to add to those that Ezra Shapiro 
discussed: the problem of insufficient 
memory. 

First I tried the 1988 edition of Turbo- 
Tax, which I installed and brought up, 
only to find that 640K bytes was insuffi¬ 
cient memory. To run the program, I 
first had to disable Norton Commander, 
which forced me to revert to the DOS 

continued 
















Our Customers Are Celebrating 



Join the PartX" Fo** FREE! 



For a limited time, customers worldwide 
who buy Vermont Views C-libraries will 
receive the Vermont Views Designer FREE. 

A Planetary Task 

The most critical software development task of the 
90’s will be to increase programmer productivity. 
How can busy C-programmers create powerful ap¬ 
plications with a ftiendly user interface quickly and 
easily? Vermont Creative Software has the answer: 
the Vermont Views Designer, 
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\ The Global Solution 

Verinont Views, the world renowned C-library for 
user interfaces, will soon include a screen designer 
that will cut your screen development time by more 
than 50%,..and it’s FUN to use. Tickertape and 
memo fields; scrollable form regions; nested menus; 
and form control functions are just some of the 
features of Vermont Views you can use with this 
sophisticated screen generator. 

You’ll no longer need to write code for screens with 
the Vermont Views Designer. Create forms, 
menus, dialogue boxes, and choice lists and store 
them in binary library format, ex¬ 
actly as you design them on the 
screen. Change them later if you 
like. Easy portability of applica¬ 
tions to many operating systems in¬ 
cluding PC-DOS, UNIX, XENIX, 
VMS, and OS/2 gives Vermont 
Views rmiversal appeal. 

No Risk Revelry 

Join the party. We’re so sure you’ll be celebrating 
with Vermont Views that we’ll let you return it 
anytime for a hdl refund. Prices: $395 for DOS; 
$790 with full source code. CaU for prices on UNIX, 
XENIX, VMS, and OS/2 . 


BS wrir 

mwi W 

1 -Si lltU Rlltiii Tut 

1 n..|,ji,iiane:_ 

jifWn - - 

rr\mv ffiua-Fn 

Ihll 

Him {TW 

Sin a ovi-nn ! 

tv wLHini Hub mtOHU 

iuKlMrs — ir 

Cl 

1 \ Ijvt-fir 

sgaagfiaptff^^' 

fctCiii. J_^ 

’•iVKi 1 - Ikn tfam ir,l ini ^ iwr 





Vermont 

Creative 

Software 


Pinnacie Meadows 
Richford, VT 05476 
Phone: 802-848-7731 


FAX; 802-848-3502 Telex: 51Q-60M160 VCSOFT 
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command-line method of selecting pro¬ 
grams. I also had to disable SideKick: and 
SuperKey, which meant that I lost the 
screen blanking and the ability to make 
notes quickly. 

Next I tried SuperCalc 5, which of¬ 
fered a few suggestions about freeing up 
memory; but those didn’t make enough 
room, and I could load only the smallest 
spreadsheets unless I was willing to dis¬ 
pense with a lOOK-byte buffer. 

The two programs have all sorts of 


bells and whistles that are of no use to 
me. It would be great if they offered an 
optional stripped-down version that 
would leave enough memory for the 
workhorse utilities that Tm used to work¬ 
ing with. 

J. L Hyde 
Los Altos, CA 

Feasible vs. Practical 
We are writing in response to John Wil¬ 
liam Mauchly Jr/s letter (July) criticiz¬ 


ing both our bookj The First Electronic 
Computer: The Atanasoff Story, and G. 
Michael Vose’s review of it (September 
1988). 

The most striking aspect of this letter 
from the son of the late John William 
Mauchly—who, with J. Prosper Eckert, 
patented the ENIAC—is his failure to 
mention the federal court case on which 
our book is based, namely, the Hon¬ 
eywell V. Sperry Rand case that ended in 
invalidation of the ENIAC patent be¬ 
cause of derivation from “one Dr. John 
Vincent Atanasoff.” In supporting Judge 
Earl R. Larson’s decision, we rely heavi¬ 
ly on evidence and testimony from this 
trial. 

The Honeywell side produced conclu¬ 
sive evidence that Atanasoff invented an 
“automatic electronic digital computer” 
between 1937 and 1942, that Mauchly 
learned all about it in 1941, and that 
Mauchly and Eckert used major features 
of it in the ENIAC and also in the ED- 
VAC (the predecessor of the UNIVAC). 
The Sperry Rand side, for its part, could 
produce no evidence that Mauchly. prior 
to meeting Atanasoff, had progressed be¬ 
yond a tiny neon flashing device in his 
claimed drive toward the ENIAC. 

Mauchly himself gave some of the 
strongest testimony against his own early 
creative endeavors in electronic comput¬ 
ing, He said, for example, that when he 
went to Iowa to see Atanasoff s com¬ 
puter, “I wasn’t even thinking about in¬ 
venting computing machines.” 

Thus, reviewer Vose should not be 
charged with too readily accepting “a 
book that attempts to rewrite history.” 
The incorrect history was “rewritten” in 
an unappealed lawsuit, to which two cor¬ 
porations had devoted more than five 
years of legal effort and many millions of 
dollars. Vose not only cites that suit as 
the basis for our book, but also summa¬ 
rizes it. 

Mauchly Jr.'s letter has two common 
arguments to which we want to reply— 
arguments disputing the status of Atana- 
soffs ABC as “the first electronic com¬ 
puter.” It was not first, he claims, be¬ 
cause it “never ran,” and he cites the 
first airplane as surely “the one that 
flew.” But the ABC did run: It solved 
small sets of linear equations correctly. 
Its computing devices, its memory, its 
controls, and its base-conversion system 
all worked fine; only an I/O flaw in its 
binary-card system caused a very infre¬ 
quent error that made the solution of 
large sets unreliable. 

The analogy to the first airplane is, in¬ 
deed, appropriate. The Wright brothers 

continued 


Engineers and Scientists 
Found Piotting Behind 
Businessmen’s Backs! 


LOAD CURVES 



100% LOTUS Compatible 


with 

TECH* 

GRAPH* 

PAD.. 

Plotting and 
graphing software 
for engineers and 
scientists. 


Still trying to get engineering & scientificjgraphs from spreadsheets 
or business programs? If so, you need TEC?I*GRAPH*PAD, the 
industry standard technical graphing & plotting software for 
engineers & scientists* Directly reads data from Lotus 1-2-3 work¬ 
sheets, other spreadsheets, & most data acquisition hardware & 
software. GUARANTEED easy-to-use or your money back! 


According to PC MAGAZINE, 'TECH*GRAPH*PAD ] |T^ 
is fast, easy-to-use, and produces good-looking output/' ^ n 


• X-Y, Semi-log, Log/Log Polar Plots 

• Curve Filling • Data toothing 

• Full control of Labels & Scale 

• Independent X-Y Axes; Dual Y Axes 

• Error Bars • Greek Letters * Symbols 

• Laser Printer, Plotter, Printer Output 

• IBM PC/XT/AT, PS/2, Apollo, DEC 

compatible 

IW binary engineering 

400 Fifth Ave. • Waltham, MA 02154 • Tel: (617) 290-5900 • Fax: (617) 890-1340 


CALL for FREE Demo Disk 

(617) 290-5900 

Dealer Inquiries Invited; 
International dealefs fax (617} ^0-1340 
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GV286/120 


GV286/20 GV386/20 PLUS 


GV386SX 


• 802^ funr^lng at 12 MHz zero wait state. 

• Proprietary! 32KB on-tward RAM cache 
circuit using tiigh speed (35ns) static RAM: 

• 512KB RAM, expandatjie to iMBon 
motherboard. 

• Socketed for 8M Hz 80287 math coprocessor. 

• 5.25'1.2MBor3.5'1.44MB floppy drive. 

• Enharreed lOI-kay keyboard. 

• Graphics adaptor features a full 256K of 
video RAM and 16-bit Interface for ftjll VGA 
capabilities on VGA 
Color System. 

9 200-watt power supply 

• 2 serial/1 pa railel port 
standard (on 
add-fn card). 

• ROM based set-up and 
diapnostics. 

• Motherboard designed 
and manufactured In 

theUSA 0CL13.1987 

• Toil-free technical support, 

• On-site Service for one year. 


• Choice of slimline or Baby "AT" desktop, 
space-saving footprints available. 

9 Top performance at lower cost. 

• VLSI technology for increased reliability. 

• 6026B running at 20 MHz zero wait state. 

• PagednnterleavB Memory Architecture. 

• 1MB RAM starKfard, exparxlable to 2MB or 
4MB configurations on motherboard. 

• Socketed for IOMH 2 80287 math 
coprocessor. 

• 5.25'1.2MBor3.5'1.44MB fkjppy drive. 

• Enhar>ced 101-key keyboard. 

• Graphics adaptor features a full 256K of 
video RAM and IB-blt Interface for full VGA 
capabilities on VGA Color System. 

• 200-watt power supply 

• 2seriaJ/1 parallel pea standard 
(on add-in card). 

• ROM based set-up and diagnostics. 

• Motherboard designed and manufactured 
inU,S.A. 

9 Toll-free technical support, 

• On-site Service for one year. 


• 80388 running at 20 MHz zero watt state 

• 1MB RAM on motherboard. 

• System Is capable of expanding to 16 MB of 
32-bit RAM. 

• Proprietary, 64KB on-board RAM cache 
circuit using high speed (35ns) static RAM, 

• Socketsd Ibr 20MHz Intel 80387, or 20MHz 
Wbftek 3167 math copnocassors. 

• S.2S'1.2MB or 3.5'1.44MB floppy drive 

• 2, B-bit, 4,16-bit and 2,32-bit memory 
expansion slots. 

• Graphics adaptor features a full 25GK of 
video RAM and 16-blt interface for full VGA 
capabilities on VGA Color System. 

• 2 serlal/1 parallel port 
standard (on add-in card). 

• ROM based set-up and 

diagnostics. p 

9 Motherboard designed 
and manufactured 
mU.S.A. 

• Toll-free technical 
support. 

• On-site Service 
for one year. 


• Run 32-bit operating systems, applications 
software, or Windows 366 at a lower cost. 

9 Slim-line, space-saving desktop 
configuration. 

9 803B6SX running at 16 MHz zero wait state. 

• 2MB RAM standard, 4MB capacity on 
motherboard. 

• Socketed for 16MHz Intel B03S7SX. math 
coprocessor 

#3,5n.44MB floppy drive. 

• VLSI technology for Increased retlablilty. 

9 Graphics adaptor features a full 256K of 

video RAM and IG-bit Interface lor full VGA 
capabilities on VGA Color System. 

• 2 serial/1 parallel port standard 
(on add-in card). 

• ROM based set-up and diagnostics. 

• Motherboard 
designed and 
manufactured 
lnU.S.A, 

9 Toll-free tachnlcal 
support. 

• On-site Service 
for one year. 


^ NowytvailabJe; fn-Home and Office On-site Service with every complete system. 
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“Overall, PC Designs^ 
latest effort effectively integrates brand- 
narae components and a propnetaiy 
motheiboard to yield generally swift and 
solid perfornianos. If you're in the market 
for a 386, this sytem is worth a look.” 

» PC MAGAZINE - May 30, IflflB 
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• RAM upgrades. 

9 Intel 80287 math coprocessor. 

• MS-DOS 3.3. or 4.01, 

• 256 VGA Video upgrade $78. 


• RAM upgrades. 

• Intel 80287 math coprocessor 

• MS-DOS 3.3. or 4.01. 

• 256 VGA Video upgrade $79, 


• RAM Upgrades. 

• 2(lMHz Intel 80387 and 20MHz Wbttek 3167 
math coprocessors, 

• MST)OS3,3.or4.0l, 

• 256 VGA Video upgrade $79. 


• RAM Upgrades. 

• 16 MHz Intel B03B7SX math coprocessors. 

• MSTX)S3,3.or4.0t, 

• 266 VGA Video upgrade $79. 
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formulated the prificiples of flight, 
through experimentation, and then built 
an airplane that flew a short distance, 
proving flight feasible, although not yet 
practical. Atanasoff formulated the prin¬ 
ciples of electronic computation, through 
experimentation, and then built a com¬ 
puter that solved small sets of equations, 
proving electronic computation feasible, 
although not yet practical. 

Moreover, Atanasoff s work led di¬ 
rectly to the ENIAC and on to the first 
generation of stored-program computers. 

Mauchly also claims that the ABC was 
only partly electronic, because of its ro¬ 
tating memory. But this memory embod¬ 
ied three computing principles employed 
universally today: electronic regenera¬ 
tion of memory elements, rotation as a 
means of memory access, and the use of 
capacitors as memory elements. Further¬ 
more, Eckert and Mauchly thought 
enough of the ABC memory to include its 
form in their 1953 Regenerative Memory 
patent, an electronic computer memory 
patent that Judge Larson also found de¬ 
rived from Atanasoff. 

Mauchly Jr. ’s letter has another argu¬ 
ment that we want to answer. He claims 


that we say his father got the very idea of 
electronic computation from Atanasoff, 
and then he cites a Mauchly letter written 
shortly before he met Atanasoff in which 
Mauchly declares his intention to build a 
key-ope rated ** electronic computing ma¬ 
chine to obtain sums of squares and 
cross-products.” Actually, we take no 
such position; we even quote this letter. 

What is worse is that Mauchly Jr, im¬ 
plies that this is all we say his father got 
from Atanasoff. In fact, we show that 
Mauchly got the concept of electronic 
switching, used throughout the ENIAC, 
from Atanasoff s computer, and the con¬ 
cepts of electronic memory regeneration 
and binary serial addition, used in the 
EDVAC (and the UNI VAC); moreover, 
that he and Eckert patented these con¬ 
cepts as their own. 

John Mauchly Jr. concedes that our 
book replies to the arguments of his let¬ 
ter, but he asserts that our replies "only 
cloud the facts.” We submit that he has 
conveniently sidestepped the real facts of 
this dispute—facts based on courtroom 
evidence and testimony. 

His letter ultimately reaches a per¬ 
sonal level, with completely groundless 


charges. Such tactics, however, cannot 
undo this sad, but true, tale of misappro¬ 
priated ideas. 

Alice Burks 
Arthur Burks 
Ann Arbor, MI 

Power Protection 

1 have read Mark Waller’s article on 
power protection (“PC Power,” Parts 1 
and 2, October and November 19S8) and 
his text box ("What Is a UPS?”) in the 
Product Focus entitled "Curing the 
Brownout Blues” (April), But Tm now 
having a problem, I can’t find a power 
conditioner that is built like the one he 
discussed, and Tm planning to get the 
American Power Conversion 800rt and 
plug a conditioner into it. Can you give 
me the names and possibly the phone 
numbers of some of the manufacturers 
whose power conditioners meet with 
your approval? 

I have one other question regarding 
something Waller said in the text box. On 
page 170 he seems to be saying that the 
ferroresonant design is a good one. But 
in the October 1988 article, he seems to 

contirmed 



This Should Ed On Yhur Desk 
For The Same Reasens It Gees 
On The Road. 


Remember when sending a fax meant leaving 
your desk? Or when faxing on the road was 
almost impossible? 

Those days are over Introducing the 
VtbridPort 2496™ portable fax and data 
modem. 

Since if s external to your computer if s easily 
shared around the office. And since if s battery 
powered and uses RJlls or optional acoustic 
couplers, it connects to public phones and 
PBXs anywhere. Via Bell and CCITT standards 
worldwide. It even sends and receives fax and 


data messages 
unattended or 
while you run 
applications. 

But best of all, from your desktop or laptop, 
you can instantly connect with practically 
anyone anywhere who owns a fax or modem. 

Unless, of course, ffiey've ventured out on tfie 
road without one 

Call us today at 800-541-0345 (in New York, 
516-261-0423) for more on the WorJdPort line 
and the dealer nearest you. 


Toochbas© Syslems, Inc. 
160 Laurel Avene© 
Norlhpori, NY 11768 
{516)261-0423 
Fax (516) 754-3491 


%>ridFarl 2496 n (rademark of Tbuctibase Systenis. Inc., G 19^ Touchhse Sfitems, Inc. 
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Every 
500 years 

or so,^ 

an exceptional 
printer 
conies along. 



Johannes Gutenbergs 1454. 







Introducmg the new 


printer that can raise your produc¬ 
tivity as much as the new IBM 
LaserPrinter doesrf t come along 
every day. 

Not only does its advanced design make 
it outperform the HP LaserJet Series 11, which 
up till now has been the benchmark in laser 
printing. But also, its advnnc-ed design 


gives the IBM LaserPrinter a dramatically new 
more space-efficient shape. 

Yet with aU this, there’s one area in whicl 
the competition rises above us: their price. 

just advanced the art of laser 
printing 25%. The new IBM LaserlVinter 
gives you state-of-the-art print quality 
a full 25% faster than its main competitor. 



25% faster printings advanced features and a revolutionary 

streamlined design. 




i5a.re#stBred irademHrtt ct Iriemaiionai Btjfilfwss MflcninKCflfporationi. HP LaaMet Senes ■ isepiahjctcrf Hewiert-F^lian^ Donxiatipn. canonis a regciefed irwtemBritQf c^on inc. © igi89 ew Cap 



















IBM LaserPrinter. 


J^hy other printers canH follow in our 
footsteps^ I'lie advanced design and engineer 
ing of the IBM LaserPrinter give it a footprint 
that’s 33% smaller than its main competitors. 
And that 33% gives you more usable 
workspace. 

And more 
drawer space, too. 

Because the IBM 
LaserPrinter’s font 
canls are about 
the size of credit 
cards. Yet as com- 
pact as they are, 
they olTer twice as 
many fonts as almost all its main competitors’ 
laige, old-fashioned cartridges. 

Ifs only up from there. Since the paper¬ 
handling options on the IBM LaserlYinter are 
stackable, you can add features, like high- 
capacity paper drawers (500 sheets and 75 
envelopes), without sacrificing workspace. 

And not only can you 
connect the IBM LaserPrinter 
to any IBM and many IBM- 
compatible PC’s, but also, 
with its printer-sharing 
option, one IBM LaserlAinter 
can serve up to 6 PC’s, for 
maximum Cf>st- efficiency. 

Another reason Ws a new 
order of laser printer. 

Unlike its main competitor, the 
IBM LaserPrinter collates letterheads, second 
sheets and envelopes*.* Most people would rather 


give that job to someone else anyway. So it’s 
nice to have a printer tliat will do it for you 
automatically. 

Proof that less is more, Lhc design and 
engineering of the IBM LaserPrinter are so 
advanced, it’s got 60% fewer parts than the 
previous standard in laser printing. That 
means it’s got 60% fewer things to loosen, 
snap or shear. 

The solution is IBM. Yet, thou^ it’s a 
smaller, sleeker unit, the IBM LaserPrinter 
comes from a company with a big tradition of 
service and support. Which is very reassuring 
when you decide to break away from an old 
standanl to go with the new one for years to 
come. 

To do that as soon as possible, contact 
your IBM Authorized Dealer or IBM marketing 
representative. Rnd your nearest dealer by 
calling 1 800 IBM-2468, ext. 194. 


The new IBM LaserPrinter. 
Suddenly, nothing else measures up. 



IBM LaserPrinter HP LaserJet Series 11 


Speed 


up to 10 ppm 

up to 8 ppm 

Footprint 

y 

291 sqJn, 

432 sq. la 

Paper-handling options 

/ 

500 sheets, 75 envelopes 

15 envelopes* 

Collates letters/envelopes 

/ 

yes** 

no 

Plotter emulation 

/ 

standard 

optional 

Resident fonts 

/ 

10 

6 

Font card size*** 

/ 

credit card 

-track” cassette 

Standard weight 

/ 

33 lbs. 

50 lbs. 

Parts*** 


400 

1000 

Dots per inch 

300x300 

300x300 

Printer emulation 

/ 

IBM, HP compatible 

HP compatible 

Printer engine 

IBM 

Canon 

List price 


$2,595 

$2,635 


*HP envelope tray replaces standard paper tray •‘With paper-handting options *** Approximate 







































ASK BYTE 


be saying that the ferroresonant design is 
a bad one because it regulates voltage, 
and the power supply in the computer 
doesn’t need or want that* Can you ex¬ 
plain and tell me if I should be looking 
for a ferroresonant design or avoiding it? 

Bill Hogan 
C'bhogan ** on BIX) 
Wilmington, DE 

That's a very good question. The seem¬ 
ing contradiction is one of expectation 
rather than application. When you think 
of an uninterruptible power supply, you 
expect it to do certain things over and 
above simply providing continuity of 
power. However, most UFSes or standby 
power systems cannot be counted on to 
be anything other than backup power 
sources. 

Now, if the manufacturer has added a 
transformer, whether ferroresonant or 
low-impedance, this gives the device the 
features of a power conditioner . And this 
is the real point. Without a transformer of 
one kind or another, the neutral and 
ground are not bonded together—there¬ 
fore, no common-mode protection is pres¬ 
ent, So a transformer is a must, whether it 
is included in the same cabinet as the 
UPS or purchased as a separate device. 

So the choice is between a ferroreso¬ 
nant transformer and a low-impedance 
transformer like those found in most 
power-line conditioners. Ferroresonant 
transformers offer the benefit of regulat¬ 
ing voltage, hut PCs do not need voltage 
regulation for the reasons mentioned the 
article. Also, ferroresonant transformers 
are high-impedance devices, which 
means that they restrict the flow of cur¬ 
rent to the PC and cannot tolerate over¬ 
load conditions. This is an undesirable 
characteristic, since the power supply in 
the PC wants to gobble lots of current 
every half cycle. Ferroresonant trans¬ 
formers are also inefficient, since the de¬ 
vice is driven into saturation every half 
cycle. Therefore, they generate heat as 
well as audible noise. And they are three 
to five times heavier them the alternative. 
Ferroresonant transformers, however, 
are excellent normal-mode protectors, 
for the same reasons that created she 
weaknesses I have outlined above. 

Low-impedance transformers do not 
restrict the flow of current and have high 
overload ratings. They offer no voltage 
regulation. 

What it comes down to is this: A trans¬ 
former is the best form of protection. 
Then the choice is between ferroresonant 
transformers, a good choice, and low-im¬ 
pedance power-line conditioners, the 
best choice .—Mark Waller 


ASK BYTC 


Start Talking 

I have been considering computer appli¬ 
cations that would involve files of digi¬ 
tally recorded sound effects and speech* 
A computer store salesman demonstrated 
such an application on a Macintosh TL I 
think that the product also included soft¬ 
ware and some kind of add-in card or 
sound-processing chip. 

1 have looked through a number of 
computer and electronics magazines for 
something similar that can be used with 
an AT-comparible computer* 1 haven’t 
been very successful in my search. Is 
someone on your staff acquainted with 
such a product? At a minimum, I would 
like to have in/out jacks for connection to 
a stereo tape recorder. Ai^ ability to dig- 
iially modify the sound in the computer 
would be a desirable option* 

Regarding speech synthesis, the only 
consumer product I have seen is a dic¬ 
tionary/thesaurus from Franklin/Mer- 
iam-Webster that allows you to type in a 
word* It then displays definitions and 
speaks the word in a digitized voice* I 
would be interested in any other product 
that might be available that can be inte¬ 
grated into a computer. 

Finally, I would appreciate any refer¬ 
ences or product names that would facili¬ 
tate programming of animation on an 
AT-compatibie computer. Most of the 
products I’ve read about deal only with 
Apple or Amiga computers. 

David R* Brammer 

Downers Grove, IL 

You Ve stumbled into the two areas in 
which AT products are poorly repre¬ 
sented. The application that you saw on 
the Macintosh was probably Mac- 
Recorder from Farallon Computing. Your 
average run-of-the-mill Mac includes 
hardware for playing back digitized 
sound. MacRecorder includes an exter¬ 
nal digitizing unit that plugs into the 
serial port and some spiffy editing 
software. 

Alas, the MS-DOS world hasn ? been 
graced with such cool toys. Digitized 
speech is done by simply satnpling the an¬ 
alog signal with an A/D converter at 
twice the maximum frequency. You can 
record sounds with any reasonable ADC, 
providing it can sample at 6 kHz or bet¬ 
ter. You W play back the sound through a 
DAC with similar capability. Software is 
another issue. Fm not aware of miy soft¬ 
ware that promises general sound-editing 
capabilities. How well can you program? 

Perhaps an easier way to get speech is 



with a commercial synthesizer. The Vo- 
talker-lB from Votrax (38455 Hills Tech 
Dr., Farmington Hills, MI48331, (313) 
553-0580) is a board that fits in the bus 
and has reasonable texMo-speech trans¬ 
lation software. Street Electronics (1470 
East Valley Rd., A-2, P.O. Box 50220, 
Mantecito, CA 93150, (805) 565-1612), 
which is famous for Apple II speech prod¬ 
ucts, sells a PC board called the Echo 
PC2. Either of these boards will prr^duce 
acceptable speech output for under $100. 

As for animation software, that's an¬ 
other area where commercial developers 
appear to have left the PC stranded. 

Keep looking through the small ads in 
BYTE and other magazines. If you find 
either of these products, let us know. 

-H* E, 

A Silicon Weatherman 
Do you know of a program on hurricanes 
and weather tracking? I have a Franklin 
computer that’s compatible with the 
Apple He. 

RoberJ. Lever 
Nokomis, FL 

You can get computer-digestible weather 
data from a variety of sources. Compu¬ 
Serve (P.O. Box 20212, Columbus, OH 
43220, (800) 848-8199) provides regu¬ 
larly updated maps that, with the proper 
software, you can display on-screen. 

Other sources include Accu-Weather 
(619 West College Ave., State College, PA 
16801, (814) 234-9601) and Weather- 
bank (2185 South 3600 West, Salt Lake 
City, UT84119, (801) 973-3131). 

Finally, if you want to put together 
your own weather station, the first eight 
issues o/Circuit Cellar Ink magazine (4 
Park St., Vernon, CT06066, (203) 875- 
2199) carried an involved computer 
weather-station project, —R. G. 

What Have I Caught? 

I am using IBM AT and Dell 200 ma¬ 
chines for work and development, and 
I’m encountering a computer virus. The 
symptoms are simple but very annoy¬ 
ing-executable files that get contami¬ 
nated grow by approximately 2K bytes 
after each load into RAM* Once a con¬ 
taminated file is loaded into RAM, the 
RAM is contaminated, and any succes¬ 
sive load of a clean file will contaminate 
that file. 

The treatment I’ve chosen is to erase 
the contaminated file, cold-boot the PC, 
and load a clean file* For example, the 
executable file for dBASE HI Plus 1.1 is 
about 133,632 bytes* After being loaded 
into contaminated memory, the file 

continued 
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To learn MoDSoft 

youon^needa 
manual this thick. 



Yotfre looking at something you wont see 
anywhere else. 

Ith called QB Advisor. A remarkable new 
hypertext electronic manual that can make you 
instantly more productive, even if you dont know 
the first thing ^ut programming QB Advisor 
actually lets you ejqperiment by cutting and past¬ 
ing useful sample programs ri^t into your pro- 
grpiming window. Only Microsoft has it Ctoly 
Microsoft could. And itb just one of the things yotf U 
learn about new Microsoft® QuickBASIC version 45 
for IBM® PCs and compatibles. 

Another is the step-by-step tutorial that actu¬ 
ally takes you throu^ every st^ of programming 
by working you througfi a complete prograrrL 

And QB Express—the interactive way to 
learn all about your programming environment in 
a matter of minutes—not hours. 

Microsoft QuickBASIC also comes with 
Easy Menus that let you develop programs with 


a minimum number of menu choices. Context- 
sensitive Help firr immediate help with error 
messages and variables by simply punching a key 
orclidangamouse. Andabuilt- 
in debu^ier that lets you see 
exactly what your program is 
doing as ife doing it. 

Best of all, Microsoft Quick¬ 
BASIC is packed with enou^ 
oower to handle whatever prob- 
ems drove you to program¬ 
ming in the first place. Fact is, 
it translates your program into executdale code at 
an incredible 150,000 lines per minute. 

Microsoft QuickBASIC version 45. If progr^ 
mirg is the only way out, this is the easiest way in 

ilfficiosolf 

Making it all rnake sense. 


Mknsoft.QitkkBASIC 



Foi: more rn&onatbQ call (800) 541-1281. Customers k Canada, call (416) 673-7638. Outside North America, call (306) SS2-8661. © Cupyiigbt 1989 Microsoft Cocpocatijon. All rights resm^ed. Mkmsoft 
and the Microsoft logo are registered tiademadcs and Mating it aO make sense is a trademark d Microsoft Corporation. IBM is a registers tradamark of International Business Machines Ckirpocation. 
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ASK BYTE 


Read Mac Disks in a PC 

MatchMaker 

- the best way to share data between a PC and 
a Mac. The MatchMaker card lets you plug a 
Macintosh floppy drive into a PC. 



• Easy-to-install half-size card. 

• Use any external Macintosh drive. 

■ DOS-like command software included. 

• 1 year warranty, Made in USA. 

• Also available; Match Pol nt-PC to 
read/write Apple II disks. 

..by far the most cost effective solution...” PC WEEK 


M icm Solutions 

Computer Products 


132 W Lincotn Hwy. 
DeKalb, IL 60115 
(615) 756^3411 


You already own a 
computer that can talk. 
Now let it. 


The speech and sound specialist. 

The Votra)( Persor^al Speech System 
provides texMo-speech vocabuiary that is 
virtually unlimited. Users can define an ex¬ 
ception word table and customize transla¬ 
tions to say just about anything! 

The PSS can also mix speech and sound 
effects, or speech and music. It contains its 
own speaker, a progammable master clock, 
256 programmable frequencies, a program- 
mabfe speech rate for a more natural 
rhythm, and 16 programmable amptitude 
levels for incredible control of word em¬ 
phasis. AIJ this, without using valuable 
computer memory. 

Why do you need a talking 
computer? 

Applications for the PSS include spoken in- 

formation transmission, display narration, 
and product demonstrations within busi- 
n esses. It also makes data i n put ve rrficatl on 
possible for the blind, and is used by the 
disabled to assist with speech. 


Children can use the PSS as a study aid, or 
to help games come alive with voice. 
Whatever a computer can do, the PSS can 
help do it better, at a cost of only $449*. 

There’S also the Type-’N-Talk 

For less complicated needs, at a lower cost, 
consider the Votrax Type-'N-Talk. Com¬ 
patible with most computers, the TNT is now 
avaifabte for $299*. 

For more information about the PSS or TNT, 
call toll-free, or write: 

votncDc 

38455 Hills Tech Drive 
Farmington Hills, Ml 48331-3421 
1^800-521-1350 

(In Michigan, call collect 313-553-0580) 
*Suggested Retail Price 


grows to about 135,200 bytes. (And this 
happens even with a read-only bit set.) I 
have no problem executing the file, how¬ 
ever, Other programs completely hang 
the system, and I have to perform a cold 
boot. 

Have you heard of this problem be¬ 
fore? What is the best remedy? 

Jonathan Cohen 
Edison, NJ 

We do have a remedy, hut you may not 
like iL The only sure way to purge such a 
beast is to perform a low-level format on 
your hard disk drive and start from 
scratch. The virus has not only infected 
your executable files, it has tarnished 
your copy of DOS. If you now try to rein¬ 
stall your applications using fresh floppy 
disks, your DOS will corrupt the new exe¬ 
cutables. h ’s a catch-22. 

To kill off the virus, you should follow 
these steps: 

L Copy all text and data files to 
backup floppy disks — you've got to 
abandon those executable and 
communications files. 

2. Perform a low-level formal on your 
hard disk drive. 

3. Boot your system from a factory- 
original DOS disk and reinstall DOS. 

4. Reinstall your executable files from 
the original-release disks. 

5. Copy back your data ftles. 

This may seem like a drastic measure 
(especially if you don't have all your 
original-release disks), but you've got to 
destroy that copy of DOS. To prevent a re¬ 
currence, you should invest in a virus de¬ 
tector such as FLO-SHOT or SCAN34. 
Our January J990 Product Focus will 
cover disk utilities; some of those pack¬ 
ages include virus detectors. 

We've heard of your problem before. 
Some similar strains include the Cascade 
virus (which expands f iles by approxi¬ 
mately 1700 bytes) and the SumDOS 
virus (which expands files by approxi¬ 
mately I8(X} bytes). Don ? you just love 
the folks who come up with these things ? 
What a waste .—S. D, 

My Computer Don’t Rock 

I am a third-year computer science stu¬ 
dent at AMA Computer College. I am 
also a part-time musician. 

Ever since the introduction of MIDI 
software, 1 have been going through most 
of the shops in Manila trying to find a se¬ 
quencing program. I have an IBM-com¬ 
patible machine that 1 would like to use as 
a recorder/sequencer. Unfortunately, 

continued 
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These imretouched print 
samples show the superior 
print quality of QMS-PS 810 
over printers using first- 
generation print engines. 


ntroducing the PostScript laser printer 
that Macks out at high speeds. 


The new QMS-PS* 810 can compose and print 
the most complex pages in record times, with 
richer, more saturated blacks than ever before. 
All with the desktop publishing power of Adobe 
PostScript*, and the superior print know-how of 
QMS, an industry leader. 



The new 
S'page/i 
ONS- 

printer 


Under the hood QMS ASAP'” (Advanced Sys¬ 
tem Architecture for PostScript) is proprietary 
technology that helps eliminate the hardware 
bottlenecks that hinder other PostScript printers. 
As a result QMS-PS 810 boa^ processing ^eeds 
remarkably faster than other PostScript printers 
in its class. And fester output means greater pro- 
ductivi^. In addition, the QMS-PS 810 laser 

printer’s new Canon’ 
SX* print engine 
covers solid areas and 
prints fine detail 
better than previous- 
generation engines. 


C>1987 Laser Ccnnection 


Fhst start, strong finish You can adorn your 
documents with one or all of the 35 Adobe 
typefaces. Thanks to PostScript, there’s an 
infinite number of font variations available. You 
can also make type as large or as small as you 
want And put it anywhere on the page. In fact, 
with PostScript you enjoy total control over the 
design of your page. It gives you the complete 
desktop publishing power to do things that 
would otherwise be virtually impossible. So you 
get high-quality output exactly how you want it 

Along with PostScript the HP LaserJet+™ 
Diablo* 630 and HP-GL™ printer emulations 
are added for your non-POstScript software. 

The QMS-PS 810 laser printer is easy to 
use, maintain, and comes with a one-year war¬ 
ranty. It’s available from Laser Connection 
dealers. Laser Connection is a sales and 
marketii^ subsidiary of QMS. For the dealer 
nearest you call 1-800-523-2696. 

In Europe (31)-30/420129 

Ills LASER 

'^connGCTion” 

A OAfS* company 

The Ibllnwin^ are irademirks of their reactive compaiues: QMS, QMSrF^ ASAR 
Laser Coiiiifictlon Of QMS, Inc, PustScripl of Aiiobe Inc, Carwn, Canon 

SX of Canon, US A. liiserM-l-, HP-GL of Hevrfelt-F^katd. Diablu of Xerox Curp. 
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ASK BYTE 


the shops here only have sequencing soft¬ 
ware for Apple’s Macintosh* 

Can you point me in the direction of a 
list of such MIDI software? 

Alberto Vicente O. Santos 
Manila, Philippines 

There are a number of possibilities, so 
many that—although it might be impossi¬ 
ble where you live—you should shop 
around and find the package that best 
meets your needs. Here's a partial list of 
products and manufacturers: 

Texture and Prism 
Magnetic Music 
6 Twin Rocks Rd. 

Brookfield, CT 06804 
(203) 775-^7832 

Cakewalk 

Twelve Tone Systems 
P.O. Box 226 
Watertown, MA 02272 
(800)234-1171 

Master Tracks, Jr. 

Passport Designs 
625 Miramontest St. 


Half Moon Bay, CA 94019 
(415) 726-0286 

Sequencer Plus 
Voyetra 
Dept. 470 
333 Fifth Ave. 

Pelham, NY 10803 
(914) 738-4500 

If you 're interested in following trends 
in MIDI and the music industry, I suggest 
that you subscribe to Electronic Musician 
magazine (P.O. Box 3747, Escondido, 
CA 92025, (800) 334-8152).-R. G. 

Fax Hunt 

I have one telephone line into my apart¬ 
ment, Fd like to have three—one for 
voice, one for faxing, and one for my 
modem. Is there a way to combine them? 
I can imagine a modem that answers the 
phone and either receives the fax or data, 
or passes the call to my answering ma¬ 
chine, Does anything like this exist? 

Along the same lines, how can I re¬ 
ceive a fax with a normal modem? Fve 
seen dual fax/modem devices, but that 
seems like a waste. Can my 9600-bps 


modem receive fax data and then let 
some software translate the “fax-speak” 
into something I can use? 

C, Conrad Cady 
Oakland, CA 

Short of investing in a new combina¬ 
tion fdx/modem, there is no simple solu¬ 
tion to your problem. Fax machines are 
designed to answer the phone on the first 
ring. Modems can be programmed to 
answer the phone after a specified num¬ 
ber of rings. The problem arises because 
machines and modems use incompat¬ 
ible methods to transmit data, and nei¬ 
ther device is smart enough to recognize 
the other's signals (at least not yet). So, 
to answer your second question first, no, 
you can Y program your 96(X}-bps modem 
to receive "fax-speak, ” 

You can add an outboard automatic 
switching device that will respond to a 
specific command to divert an incoming 
call to either a fax machine or a modem. 
One model, the Bit Fhaxswitch, answers 
a phone call with a digitized voice giving 
instructions to the caller. When the caller 
responds with the spoken word fax, ” the 

continued 


Buying an expensive book... 


„.doesn1 guarantee that it will answer all of your DOS programming 
questions unless that book is readable, comprehensive and contains doz¬ 
ens of clear programming examples and explanations. 

This new book PC System Programming for Developers is a literal en¬ 
cyclopedia of knowledge for the DOS programmer. It dearly explains all 
of the technical aspects of programming the PC, whether you write in 
BASIC, C, Turbo Pascal or assembly language. Some of the topics 
covered include: 



PC memory organization 

COM and EXE programs 

TSR programs 

Programming graphics cards 

Handling program interrupts in C* 
BASIC, Turbo Pascal and 
assembly language 


DOS structures and functions 

Hardware and software interrupts 

Writing device drivers 

Fundamentals of the BIOS 

Using extended and expanded 
memory 


ISBN 1 -55755-035-2: 940 page book $39.95 

ISSN 1 -55755-036^: 940 page book and 2 disks 

with 1MB compressed programs $59.95 

In US and Canada add $4.00 Foreign orders add $12.00 postage per book. 


To order direct call TOLL FREE: 1-800-451-4319 


Available at B Daiton Booksellers, Waldens and Software Etc. nationwide. 

In the UK contact Computer Bookshops 021-706-1188. Write for our free catalog. 



Dept. B12, 5370 52nd Street SE 
Grand Rapids, Ml 49512 
Phone: {616} 698-0330 
Fax: (616) 698-0325 
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hjjvls^paGe mode series 

16AND20]V^386 


H.I.M.S.386^|Ca6MHz 


.. . * INTEL gftSBCSX MICRDPROCESSOfl RDMWING AT 16 mi 

^ • SOCKET POfi Id MHz BOaerSX MATH COPROCESSOR 
"T ^ ^ * 5 25' 1 2 MB OR 35' 1 44 MB DISKETTE DRIVE 
^ ? * DUAL DISKETTE AND HARD DISK DRIVE CONTROLLfR [ 1 :l 
INTERLEAVE} 

r' > • 1 MB BQ NS MEMORV (OR 2 MS, 4 MB EXPANDABLE TO 1S MB) 

• 40 MB HARD DISK 3S MS, 600 KB DATA TRANSFER RATE 
" “ * HhSPSD 2 SERIAL PORT(S), 1 PARALLEL PORT 

^: * 101 ENHANCED TACTILE 'CLICK" TOUCH KEYBOARD 
•1-' • 200 WAH SWITCHING POWER SU PPLY 
^ ^ -a EXPANSION SLOTS |24^AST SLOTS/S BIT, 1=8BTT, 5-te BfTJ 
: • Hl-PERFORMANCE 16-BIT VGA CARO (600 % 600) OR 
OPTIONAL (1024 ^(^6) 

• 6 LAYER H,I.M.S. (U,SA) MOTHER BOARD 

; * UTEST AMI 386 BEOS (BUIlT-lN DlAONOSTjCS. SETUP. AND 
' HARD DISK FORMATTING UTILITY SOFTl (ARE) 

' • 10 YEAR BATTERY WTTH CLOCK CALENDAR 

• DISK CACHE AND EM3 UTIUTY SOFTWARE 

• H .LM^. SMALL FOOT PRINT, 4 BAYS CASE 


$1750 

mm stesx ie mhi wttn ho Momroft 


• INTa 60366 MICROPROCESSOR RUNNING AT 16 MHf | OR 
20 MHz) 

• SOCKET FOR 20 MHz INTEL 603B7 OR 26 MHz WEITEK 316? MATH 
rnPBnrF'i'i^B 

• 5^-12 MB OR 3.5' 1,44 Ml DISKETTE DRIVE 

• DUAL DISKEHE AND HARD DISK DRIVE CONTROLLER (1:1 
INTERLEAVE) 

• 1 Ml OR (4 MB OPDONAl) 66 NS PAGE MODE MEMORY 

• 66 MR 23 MS HARD DISK. 600 Kfl DATA TRANSFER RATE 

• HI-SPSD 2 SERIAL POHT(S), 1 PARALLEL PORT 

• 101 ENHANCED TACTILE 'CLICK'TOUCH KEYIOARD 

• 230 WAH PWR SUPPLY (110/220) FCC. UL CSA, TUV 
APPROVED 

• a EXPANSION SLOTS [2-32/0-8111=8^IT, 6=16-BI11 

• HI-PERFORMANCE 16-BIT VGA CARD [BOO J( 600) OR 
OPTIONAL (1624 K TBS) 

• 6 LAYER H.I.M.S. (U.SA) MOTHER BOARD 

• LATEST AMI 366 BIOS [BUILT-IN OIAGNOSTICS. SETUP, AND 
HARD DISK formatting UTlUTY SOFTWARE) 

• 10 YEAR BATTERY WITH aOCK CALENDAR 

• DISK CACHE AND EMS UDLlTY SOFTWARE 

• 5-BAY STURDY DESKTOP CASE (6 BAY VERTICAL CASE 
OPTIONAL) 

• FCC CLASS B ON TOWER & DESKTOP 


$2150 


NIMS PAGE MODE 3SUZD MHi WITH NO MONITOH 


HARDDtKDem 

1 IB 

4Ma 
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2350 

2605 
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2705 

3150 
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2950 

3295 
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4450 
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COMPANY 

M-I.M.S.TECHNOLOGIES 03S been manufacturing hi-p«rtormaiica 
compufers In California under OEM label lor a number of years; 
and nuw H.I,M.S. Is manulaciLDing urder its own bbel the same 
bhperfomiance ccmputers 266.38SSX, 366 Page Mode and Cache 
3B6 b salisly yeur raecls In price, pertormance and after die sale 
service, which saems to be a missing leature with most at our 
competitors. Just compare our compefHion and you will find Ihe 
obvious, than arid m Om Year Dn-Sita Service at no extra 
co^.SURPRISE!! 




PRODUCT 

HLM.S. manuladures a complete breadti ul 266,386SX, Page Mode 
386 and Cache 366 systems. H,1.M.S. is Ihe only company currenlly 
supplyinti the ihdustry with 386 Cache Pro In verticle, super verlicle or 
desKtop ttilli FCC Class T approval How aboui our 256K Write Badf 
Cache Design at down lo earth pricingl? You actually afford the high 
^ed luxury! All the H.LM.S. Systems can be cuslom configured lo lit 
your needs, so cal! our expert sales executives to disci^ your 
specificalions, All H.I.M.Si Systems come assembled, lested arwl 
bumetFin frcm the FactCMy for 72 hours et 60® Ceniigrade. The Hard 
Disk is pre-compsurTed and furmatted. H.LM.S, carries a wide vilely ol 
DptiDcis I lire: Video Cards for CAD/CAM and desktop publishing, 
prinlers, monitor's 14' lo 25', Opto iragneto drives, 
coprocessors, ploters. pointing devices and software. 


SERVICE 

AJI HLM.S. oomputers come whh a One-Year On-Siie Service included. 
This gives you an immediate back-up just \n case a problem may arise 
a technician can be in youi location wilhin 4 to 6 hours from our 414 
service locations. Induding Puefto Rico arid Canada. 

All produds are made in Ihe U.S.AI'f 


'' ^ 


H.LM.S. lECIWOLOOIES X tHe PrtCB, PsrformancB aiad aftAr 
sates servlet l^dsv It the Fast Qranp. 

1^ 


a Mins 
eMii% 
SMIPS 
4 MIPS 


800 - 367-2924 

H.LM.S. TECHNOLOGIES 

368 Montague Expressway • Milpitas, CA 95035 

Phone: (408) 946-9711 • FAX: (4DS) 946-9744 


• INTEL BmB MiCfiOPROCESS(Mt RUNNING AT 20 MHz [ DR 
25 AND 33 MHz OPTIONAL] 

• SOCKET FOR 86367 OR WEfllK 3167 MATH CO-PROCESSOR 

• 64 K 25 NS CACHE UPGRADEABLE TO 256 K, READ AND WRITE 
CACHE WITH WRITE SACK CACHE 

• PAGE MODE MEMORY ARCHITECTURE 

• 1 MB SO NS MEMORY UPGRAOEABli TO 2,4,8 MB ON MOTHER 
BOARD, 16 MB WITH 32-flfT MEMORY CARD 

• 5.25' 12 MB OR 3.5' 1,44 MB DISKETTE DRIVE 

• DUAL DISKETTE AND HARO DISK DRIVE CONTROLiFR, 1:1 
INTERLEAVE 

• Hi-SPEED, 2 S01IAL1 PARALiEl PORT 

• 250 WAH HEAVY DUTY POWER SUPPLY 

• 101 ENHANCED TACTILE 'CLICIT TOUCH KEYBOARD 

• S EXPANSION SLOTS (1=32 BIT, 1-0 BIT, 6=16 BIT) 

• latest ami 366 BIOS (BUILT-IN DIAGNOSTICS. SETUP. AND HARD 
DISK FORMATING UTILITY SOFTWAK) 

• HHsH PERFORMANCE 16-BIT VGA CARD (BOO X 500) OR OPTIONAL 
(1024X 768) 

• 6 LAYER H.LM.S 64/256 CACHE MOTHER BOARD 

• 66 MB 23 MS HARD DISK eOOKB DATA TRANSFER RATE. 

• 6 BAY VERTICAL OR 5 BAY DESKTOP CHASIS (SUPER VERTICAL 
10 BAY WITH 375 WAH POWER SUPPLY OPTKDNAL) 

• FCC CLASS 8 ON DESKTOP OR TOWER 
DISK CACHE. EMS UTILITY SOFTWARE 


$2495 


25 MHz Add $300 
33 MHz Add $1200 
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HXM.S.FROFESSIONAL 
SERIES CACHE PRO 386 2df 
25 AND 33 MHz 


4195 


4695 































































Everex’s 586iSX'l)asecl system ofers two extm 



Nfaniely, PC^Aaga^nes Editors Choice award and Personal Com/?Top Rated award. 

How did the STEP 386/5 cam these accolades? It blazes its way to the top in practically every 
benchmark test. It runs all your current applications, and also all the 32-bit prograins written for the 386j 
including UNIX*System V Version 3.2, Microsoft*Windows™386, and Pkradox*386, 

And it gives you all this 32-bit power for little more than a 16-bit price, 

(if' you already own a STEP 286/12 or 286/16, by the way, you can easily upgrade 
your system to a STEP 386/5 just by plugging in our InSTEP™daughterboard J 
Better yet, the STEP 386/5 comes with a host of other advantages. 










me competition cant 



MAGAZINE 


EDITORS’ 

CHOICE 


August 1989 Everex STEP 3S6is 


Like full industry-standard hardware and software compatibility. Eight full-length expansion slots. 
\bur choice of small footprint or standard chassis sizes. And all the support you’d expect behind 
Everex’s family of award-winning STEP computers and peripherals. 

All of which means, quite simply, that when it comes to value, you won’t find a better personal 
computer than the STEP 386is. But don’t take our word for it. 

PC Maga^irt£ says it’s “consistently tops in performance... offers the full benefits of the 
386SX chip!’ Personal Computing says its “overall performance and practicality make it the Top Rated 
machine among the seven SX-based PCs we tested!’ 

Wb say it’s the best way to step up to 32-bit computing. Call 1-800-334-4552 for more 
information and the name of your nearest Authorized Everex Reseller. =~^ VER 

EVEPfotEXceiiBnoe 

5TjE1? (pbI ihe Ewnx SliEF !qgo an traJmirrif ef Ettrrtx inr. if 4 tra^tmarir af buit Cam. Alt diAw JMturt An nw rnu^^MwAr rf tA™- rwrmn^ k^iJrww £ MTO r^r 
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ASK BYTE 


Bit Phaxswitch diverts the call to the fax 
machine. The Bit Phaxswitch is avail¬ 
able for $225 from Chaldar (P. O. Box 
12566, El Paso, TX 79913, (800) 443- 
0791,^ (915) 772-4733). 

Radio-Electronics magazine ran an ar¬ 
ticle showing how to build an automatic 
switcher (October 1989, page 33). The 
Fax-Mate requires the incoming caller to 
enter the pound sign (4) from a Touch- 
Tone telephone before it will divert the 
call to the fax machine.—S. W* 


I Need a Boost 

rd like to upgrade my Tandy 1200. Cur¬ 
rently, my machine has an 8088 CPU, a 
10-megabyte hard disk drive, and 256K 
bytes of RAM. My hobby is writing 
BASIC programs for genealogical and 
stamp-cataloging applications. All my 
programs are I/O-bound, even when 
compiled, and Fm looking for a way to 
improve execution speeds. 

Fd also like to be able to run Peach- 
Tree Complete II, which requires 512K 


bytes of RAM and at least a 20-megabyte 
hard disk drive. 

I read with interest the Short Take on 
the SOTA 286i accelerator (December 
1988). Now I have literature from Sota 
describing its 386si accelerator and op¬ 
tional Memory/16i. From the literature, 
it appears that the 3S6si and the Mem¬ 
ory/16i could provide faster execution 
and increase my system’s main memory 
to 2 megabytes, all for about $1100. At 
this cost, I wouldn’t hesitate to install a 
40-megabyte hard disk drive for another 
$6(X). If all went well, I would be set for 
at least five years. 

However, when I visited the local re¬ 
tailer that carries Sota products, I was 
advised that it would be a mistake to try 
to upgrade in this way. According to the 
salesperson, the Tandy 1200 has an 8-bit 
bus that would prevent an accelerator 
from producing any improvement in I/O 
speed. At the same time, the salesperson 
was trying to sell me a brand-new 80386 
machine. At this point, I need a second 
opinion. 

George A, Pohl 
Sherrill, NY 

If you installed the Sota 386si card, you 
would have an 803S6SX running at 16 
MHz. This would increase the computa¬ 
tional speed of your Tandy 12(X), but you 
would still he I/O-bound because of the 
limitations of the 4. 77-MHz 8-bit bus. 

Id advise you to take that $I7(X) you 
wanted to invest in your old computer and 
purchase a newer AT compatible. You 
can get quite a reasonable machine with 
at least a I2-MHz 80286 CPU, I mega¬ 
byte of RAM, and an EGA or VGA display 
for that amount. Check the ads in BYTE 
for a price comparison. 

If you (Um 7 want to spend that much, 
at least incre€ise the RAM in your Tandy 
I2(X) to 640K bytes and obtain disk-cach¬ 
ing and printer-buffering software. That 
will give you a noticeable improvement in 
I/O throughput.—S. W. 


FIXES 


• In '"The Unix Shell*’ (September) on 
page 318, near the top of the second col¬ 
umn, the example should read: rm -r 

Omitting the backslash would 
cause all files in the current directory to 
be removed as well. 

* In past months, the author*s biography 
for David Fiedler (The Unix /bin) has 
been incorrect. Fiedler is the publisher of 
the journal Root, not the editor. Bruce 
Hunter is the editor, m 
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ICTORY 
OVER 

STATISTICS 




At last, PC users can 
master statistical analysis 
without a masters in math. 


It's Victory Over Statistics, a 200-page manual, published by 
GTE Data Services, Inc. Written in everyday English, Victory 
Over Statistics with its menu-driven diskware will take you from 
the basics, such as averages and variance, all the way to 
double exponential smoothing and regression analysis. 

Step by step, at the pace you choose. 

All you need is an IBM PC or compatible with a 5.25 disk drive 

and 128K memory plus $35.00. 

That's one set of numbers even a math hater can love. 


OQ Data Services 


THE POWER IS ON 


To order, send the coupon and a check, payable to GTE Data Services, Inc. 
Please allow four weeks for delivery. 

Here's my check for $36.00 , plus $4.00 for postage 
and handitng. Florida residents please add 6% safes 
tax. Please rush my 
Victory Over Statistics manual and disk. 


Victory Over Statistics, FiM 
GTE Data Services^ Inc. 

P.O. 60x290152 

Temple Terrace, FL 3S687-0152 


Name 


Address _ 
City_ 


State 


2:ip. 


Telephone Number (_} 
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Chaos Manor 
Mail 


Jerry Pournelle answers questions about his column 
and related computer topics 


Stringing Up C 

Dear Jerry, 

Once again, you’ve shown your strong 
dislike for Unix and the C language. As I 
communicated to you before, I share 
your dislike of C’s string-handJing capa¬ 
bilities. Someone should improve that 
language by including in <string,h> the 
appropriate string functions to make C as 
easy as BASIC. An emulation of the 
MID$, INSTR, and string concatenating 
syntax is particularly needed. In the C 
language, there is no equivalent for all 
the things you can do with BASIC’s 
MID$, while with other functions, such 
as LEFTS and RIGHTS, you can write C 
subroutines easily enough. Maybe I am 
too stupid to write these, but I find string 
handling in C laborious; it can be done, 
but not elegantly. 

A note about the Cray machine avail¬ 
ability to the hoi polloi. With Intel’s new 
chip, the 80860 (or N-10 or i860), we 
will soon see Cray-like desktop ma¬ 
chines. There’s little more need for the 
Cray and its availability. 

Paul A. Elias 
Fountain Hills, AZ 

Well, the desktop Cray isn *t quite here 
Jerry 

Path-Name Lament 

Dear Jerry, 

I am writing to you in exasperation. I 
recently received Clipper, the dBASE 
compiler from Nantucket. I also have the 
SBT accounting system, which 1 keep or^ 
ganized in a number of different directo¬ 
ries. I planned to use Clipper to recom¬ 
pile the SBT program whenever I make 
changes. 

Much to my surprise, I discovered that 
Clipper does not support path names in 
its response files! There goes my file 
organization. 

Now, we have had path names as part 
of the file specification since 1983, yet 
people are still writing programs that do 
not accept path names. Other examples 
are Make from Microsoft and Keyraap 
from The Software Link. Frankly, I see 
very little excuse for this. If someone 


needs to access more than the maximum 
20 files, then he or she can define a new 
file-handle alias table and set the address 
at offset 0034H to point to it and then set 
the word at 0032H to the size of the new 
table. The only thing to make sure of is 
that all files are closed and that 0032 and 
0034 are reset to their initial values when 
the program terminates. 

As for parsing a file specification, I 
created a complete file-specification 
parser. It required two days to complete. 
I wrote it in Microsoft Pascal, using an 
IBM editor. I now use it in all my pro¬ 
grams that require parsing or simply 
checking the correctness of a file speci¬ 
fication. Are these people telling me that 
I can do something with my feeble re¬ 
sources that these “professional” soft¬ 
ware companies cannot? 

Ed Swaneck Jr. 

Poland, OH 

Yeah. I get to Jeeling that way, too. 

—Jerry 

APL Coding 
Dear Jerry, 

I read with some interest your “Lan¬ 
guage Sojourn” column (April). My 
company—a consulting firm—recently 
worked on a similar application. Unfor¬ 
tunately, instead of having the luxury of 
choosing an appropriate language, we 
were forced to do the job in STSC’s 
APL*Plus. 

We had originally planned on doing 
the job in C, which would have taken a 
trifle more code than in BASIC and 
brought us in a healthy fee commensu¬ 
rate with the effort involved. As you 
might imagine, this turned out to be a 
consultant’s nightmare: Instead of bill¬ 
ing for the effort of development of 

continued 


Jerry Pournelle holds a doctorate in psy¬ 
chology and is a science fiction writer 
who also earns a comfortable living writ¬ 
ing about computers present and future. 
He can be reached c/o BYTE, One Phoe¬ 
nix Mill Lane, Peterborough, NH 03458, 
or on BIX as ^^jerryp. ” 




NEW 

BLAISE 

TOOLS 

Tlie/astestwai/to create 
powetful programs 
with Ihrbo Pascal 
and TUrbo C2M! 

Blaise (imputing, manafajcturcr 
of function libraries that offer 
easy-to-use solutions to your pro¬ 
gramming needs, introduces: 

POWER TOOI^ PLUS/5J)-I149 


tohdpycu: 

♦ Add imving haj- pulMown Tmnm and windows Id ymir user 
interfeces; ♦ Generate context sensitive help 
screens; NEW? ♦ Add easy-tu-uae date and time ctmversiom 
mutiTies; NEW! ♦ Let users choose from windciw 
oriwited pick lists; NEW! ♦ Create and actn^ss “huge" 
data stnicturas; NEW! ♦ Use multiple-line edit Mds widi fully 
configurable edit kEy3;jVFW7 ♦ Speed up your sorting 
with flexible in-memory sort mutines; NEW! 

♦ Add EMS support; NEW! ^ Write TSRs and ISRs easily^ 

♦ Contmt DOS memory ahocaiion; 

# Create powfsriiil programsin TUrbo Pascal 4.0 & SdOf 

'Ihrbo C TOOLS/2 J)-$149 


♦ Add easy li>iise mouse siipport for windows and memj^ NEW! 

Quicldy include virtu^ windows and menus; NEW! 

# Integrate your wiitdows and menus withTbrbo Cb text 
windows. AffW? 4 Create contexbstgiaithi] help screens; 

♦ Pnovkle mulUple-Unie edit fields with fuDy configurable 

edit toays; ♦ Use keyboard and video seivioes 

(including enhanced keyboard and VGA); NEW! 

♦ Write TElls aid ISRs easily; 4 Create powerful pn)grams 
InTiifboC LO, LbandSI)! 

FREE with these products! 

Source code, complete sample , a compre¬ 

hensive reference manual with extensive examples, the 
Norton Guides Instant Access Pitjgram, and an online 
database. We also offer free technical support and a 
bulletin board system dedicated to technical issues. 

Unleash your progrummiiig potential! 

Blaise Computing offers pregramming tods that are 
fest, flexible aird affordable. Call now to order or to ask 
for a free brochure on our full line of products for C 
andE^ascal. 

Put Blaise tools to the test! 

If at any time during the first 3fi days you are not 
completely satisfied with their speed and flexibility, 
well refund your money. 

CaU 800-333-8087 today! 

BLAISE COMPUTING INC. 

2SfK} Nmtli St., Suite m, Berkeley, CA 94710, (415) 540-5441 
FAX; 415-540-1938 


TUrbo Cund^rliQ 
fh.'ficaiarairadi^- 
wmixafBorifmd 
fnlirmiitwtiai 
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CHAOS MANOR MAIL 


20,000 lines of code, we were able to 
stretch it out to only 2000 lines of code 
and bill on the basis of results—a fraction 
of what we had anticipated, 

Jedediah West 
New York, NY 

For getting a problem solved fast, there's 
often no way to beat APL, and the STSC 
implementation is, APL enthusiasts tell 
me, very good. 

I sure wouldn't want to maintain an 
APL program, though.—Jtviy 

Software Modeling 

Dear Jerry, 

Your comments on The Limits to 
Growth by Dennis and Donella Meadows 
(June) brought back memories of the 
early 1970s, when the work and the sub“ 
ject were “hot” topics. I had worked for 
almost two decades in the nuclear energy 
program at Argonne National Laborato¬ 
ry, and I was familiar with computer 
modeling and the “science fiction” that 
often came out of it, 

I attended a meeting of the Chicago 
section of the American Institute of 
Chemical Engineers at which Jay Forres¬ 
ter was scheduled to talk, but Dennis 
Meadows filled in at the last minute. In 
the question-and-answer session after¬ 
ward, I asked Meadows about how the 
data was used to validate the model, 
since he had described the historical de¬ 
mographic, economic, and industrial 
data used to fit the coefficients in the 
various equations assumed to be valid. In 
particular, I wanted to know whether 
they had ever run the model backward to 
see if it would predict the past—a sensi¬ 
tive test, and a logical one. 

Meadows replied that they had tried it, 
but the results were unsatisfactory, and 
they had no clear explanation at that 
time, so it was not included. My re¬ 
sponse was that there was no model that I 
could imagine that would include the ef¬ 
fects of innovation or of unexpected ca¬ 
tastrophe, and that the work was an unre¬ 
liable extrapolation of data beyond 
reliability based on the instincts and in¬ 
sights of the well-meaning investigators, 
I dimly recall uncharitably referring to it 
as “mathematical masturbation.” 

With the 20/20 hindsight that comes 
with additional years of learning, I now 
recognize that although the data covered 
periods involving the industrial revolu¬ 
tion, urbanization of society and the 
problems of cities, the period of modern 
sanitation and medicine, and the migra¬ 
tion of intellectuals due to the persecu¬ 
tions in Europe and Asia, these points 
were often included only peripherally 


and not in microscopic detail. 

The recent spate of record high and 
low temperatures, of droughts and 
floods, and of increased ozone concen¬ 
trations on the earth’s surface and their 
decrease in the upper atmosphere indi¬ 
cate that, even with supercomputers, our 
models are better suited to predicting the 
past. 

As an engineer, I am familiar with the 
successes of computer modeling of fluid 
flows. Yet they are still trying, retrospec¬ 
tively, to predict El Nino, the massive 
perturbation in the global weather cycle 
due to the coupling of the heat balance of 
the earth, winds, and oceanic upwelling. 
(A pedant would refer to this as thermal 
and hydrodynamic coupling between 
baroclinic and geostrophic flows.) We 
don’t predict earthquakes; rather, we 
seek to minimize the consequences of 
earthquakes, volcanic eruptions, torna¬ 
does and hurricanes, as well as other 
“short-term” natural disasters with 
major impact on the food chains, soil 
conservation, and the balances of weath¬ 
er and competing species, 

I could go on, but you probably know 
as much as 1 do, or more. Where do we 
balance the responsibility to be complete 
and correct against calling attention to 
potential problems? The dilemma is an 
ancient one—free speech versus crying 
fire in a crowded theater, or crying wolf 
too often. In the nuclear safety business, 
we had some Job security in thinking up 
unlikely mechanisms for accidents so we 
could study their potential consequences 
and how to prevent them. How is such 
“hazard mongering” different than the 
pronouncements of the Club of Rome? 

In short, 1 enjoy your columns for 
their wide range and because they pro¬ 
voke thought, even if the problems don’t 
always have a simple, or any, answer, 

David Miller 
Downers Grove, IL 

When we were younger, *'That ^s what the 
computer says ” was a darned near unan¬ 
swerable argument. Of course, com¬ 
puters can V do more than model what we 
already understand. —Jerry 

Z-88 Problems 

Dear Jerry, 

I have been reading in BYTE about 
your adventures with a Sinclair Z-88. I 
have used one since October 1987, and I 
think my experiences might help you. 

First, I think your machine is faulty. It 
shouldn’t have lost your files, even if you 
didn’t quite understand the file program- 
storage system. It also shouldn’t have had 
the mysterious battery problem that you 


mentioned in the June issue. 

My Z-88 showed similar problems. It 
would very occasionally lose all sus¬ 
pended activities when it was lying low 
and “switched off.” Sometimes it would 
operate again only after a soft reset. On 
other occasions, it showed battery prob¬ 
lems similar to the ones that you men¬ 
tioned. Because these faults were infre¬ 
quent and had no apparent common 
cause, I always tended to think that I had 
done something wrong and that the ma¬ 
chine was really O.K. 

After I had used the machine regularly 
for about 11 months, the problems be¬ 
came more frequent, culminating in one 
glorious day when the Z-88 decided that 
the RAM packs 1 was using weren’t 
really there at all. It wouldn’t access 
them in any way. 

That’s when 1 sent the machine back 
and got a new one. My new Z-88 is per¬ 
fect—there have been no lost files, no 
power supply problems. 

The moral of this story is: Don’t keep 
blaming yourself; blame the machine, 
and change it for a new one. 

1 must be one of the few people around 
who use a Z-88 as their main computer. I 
have access to other microcomputers— 
IBM PCs and clones, Macintoshes, and 
so on—but 1 decided long ago that I 
would never buy myself a machine until I 
could find one that didn’t take over be¬ 
cause of its physical size. Even in an of¬ 
fice or study, a desktop microcomputer 
is pretty intrusive, I suppose I was undu¬ 
ly affected by Alan Kay’s Dynabook 
paper all those years ago. 

Anyway, when the Z-88 turned up, 1 
grabbed it, and it’s marvelous. Admit¬ 
tedly, you have to plan its operation dif¬ 
ferently from that of conventional micro¬ 
computers, but that doesn’t mean that its 
systems are wrong and that the rest are 
right. Cambridge Computers was obvi¬ 
ously unlucky in the timing of the launch 
of the Z-88, which coincided with the 
rapid rise in memory-chip prices. But I 
can’t help thinking that Clive Sinclair’s 
abhorrence of disk drives will prove right 
in the long run. Here in England, there is 
a cheap cassette tape streamer on the 
market that avoids the need for expensive 
EPROMs, 

J. G. Chadwick 
Warrington, U.K. 

Well, Sinclair sent me another Z-S8, but 
getting it seems to have cured all the 
problems of the original one! 

! don 7 think I *d care to use the Z-88 as 
my only computer, but / do like its light 
weight, and / ca rry it most places I go. 

—Jerry ■ 
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Service 

Gateway 2000’s service policies are the best in the industry. 

We stand behind all of our systems with a 30 Day Money Back 
Guarantee and a 1 Year Warranty. We also offer Lifetime 
Toll-Free Technical Support, and Free Federal Express Ship¬ 
ping of replacement parts. If our technicians an’t solve your 
problems over the phone or Fed-X you a solution we can dispatch a 
technician to most locations to provide Free On Site Service. 
Our policies are great, but it’s our people that really set us apart 
from the competition. Look at what our customers write: 

‘Thank you very much for kind attentm and help. lam 
highly recommending your corporation to colleagues for your 
quality and jert'/ce”—Herbert Mark ley. 

“I've always heard your forte is customer service, and nowpu 
have definitely proven it to me”—Jose De Jesus. 

“! am really glad / chose Gateway 2000"—Jerry Langland. 

“I feet compelled to express my gratitude to your company for the 
impeccable service and support t received"—Andrei Weiszmann. 

"It is a pleasure indeed, to work with a computer sales 
company that exhibits a genuine desire to .satisfy the customer"— 
Ron L. Kinney. 


duality 

I Gateway 2000’s quality standards set us apart from our 
competition. From the top quality name brand components used 
‘in our systems to the painstaking quality assurance tests we 
jrun on our machines, you are guaranteed a top quality computer. 
jOur complete line of computer systems arc hand built in our 
jfactory located just ouLside Sioux City, Iowa. Slate of the art 
technology is used to provide you with a combination of perform¬ 
ance, compatibility, and reliability that few vendors can match. 
One customer recently wrote: "The quidity of your work is 
exemplary and frankly has made a lot of others jealous because 
'Aey bought systems which were comparable in quality hut with 
'a stiff price difference"—George Syty. 























This is where it all comes together. 

We founded Gateway 2000 on this farm located near Sioux 
City, Iowa to provide top quality computers at unbeatable prices 
with uncompromising service after the sale. No other company 
offers you the combination of Price, Quality, and Service that 
we do. We want you to be completely satisfied with your decision to 
purchase a Gateway 2000 computer system, and you have our 
personal pledge that you will be. We look forward to you joining 
our thousands of satisfied customers, and establishing a long 
lasting business relationship. 

Sincerely; 

Norm Wain Jr. 

Pice President 


Price 

Gateway 2000 offers the most aggressive prices in the industry. 
We offer fully loaded machines for the same price as most 
vendor’s stripped down models. One customer wrote 'Tm surprised 
that the computer media haven't mentioned anything about your 
prices relative to the rest. You don ’/ merely edge them out you 
blow them flwflv"-»-Clarence Larson, Look at our prices on the 
back page of this ad, shop around, compare apples to apples, 
then call Gateway 2000's knowledgeable sales staff to discover the 
GATEWAY DIFFERENCE. "Ichose Gateway after much 
research because 1 fell that the product was the best value for the 
money and the sales staff was very patient with my never ending 
list of questions and and inquiries"—Keiiii Lazan. 


Ted IVaiti 
President 
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GATEW/er 

386SX 


386SX 

LAPTOP 


GATEWAY 2000 • P.O. BOX 2000 
SERGEANT BLUFF, IOWA 51054 

800-523-2000 • 712-943-2000 
FAX 71 2-94 3-2023 

Due mihrmhlilil/in fhe DRAM market, aitpricti are to cHoKgc. 


■ 4 Megs RAM - 

- 1.2 Meg 5r Drive 

- 1.44 Meg 3.5" Drive 

■ 65 Meg 28ms RLL Drive 

■ 16 Bit VGA Board 

■ 14" 1024x768 Color Monitor 

■ 1 Parallel & 2 Serial Ports 

■ 101 Key Keyboard 

■ MS DOS 3.3 or 4.01 

$ 2795.00 

64K Cache Add $500 


■ 4 Megs RAM 

■ 1.2 Meg 5*4" Drive 

■ 1.44 Meg 3.5" Drive 

■ 160 Meg ESDI Drive 

■ 16 Bit VGA Board 

■ 14" 1024 X 768 Color Monitor 

■ 1 Parallel & 2 Serial Ports 

■ 101 Key Kevboard 

- MS DOS 3.3 or 4.01 

$ 3495.00 

64K Cache Add $500 


■ 64K Cache RAM 

■ 4 Megs RAM 

■ 1.2 Meg 5‘/4" Drive 

■ 1.44 Meg 3.5" Drive 

■ 160 Meg ESDI Drive 

■ 16 Bit VGA Board 

■ 14" 1024x768 Color Monitor 

■ 1 Parallel & 2 Serial Ports 

■ 101 Key Kevboard 

■ MS DOS 3.3 or 4.01 

$ 4995.00 


■ 2 Megs RAM 

■ 1.2 Meg 514" Drive 

■ 1.44 Meg 3.5" Drive 

■ 65 Meg 28ms RLL Drive 

■ 16 Bit VGA Board 

■ 14" 1024x768 Color Monitor 

■ 1 Parallel & 2 Serial Ports 

■ 101 Key Keyboard 

■ MS DOS 3.3 or 4.01 

$ 2395.00 

with Desqview 386 


■ Gas Plasma Display Screen 

■ 2 Megs RAM 

■ 1.44 Meg 3.5" Floppy Drive 

■ External Port for 5V4" Drive 

■ 40 Meg 28ms Hard Drive 

■ 1 Parallel & 1 Serial Port 

■ Full Length 16 Bit Slot 

■ Expansion Slot {16 Bit) 

■ External EGA Monitor Port 

■ 84 Kev Keyboard 

■ MS DOS 3.3 Installed 

$ 2995.00 


■ 80286-12 Processor 

■ 2 Megs RAM 

- 1.2 Meg 5r Drive 

■ 1.44 Meg 3.5" Drive 

- 65 Meg 28ms RLL Drive 

■ 16 Bit VGA Board 

■ 14" 1024x768 Color Monitor 

■ 1 Parallel & 2 Serial Ports 

■ 101 Key Keyboard 

■ MS DOS 3.3 or 4.01 

$ 2195.00 


■ 80286-16 Processor 

■ 2 Megs RAM 

■ 1.2 Meg 51 / 4 " Drive 

■ 1.44 Meg 3.5" Drive 

■ 65 Meg 28ms RLL Drive 

■ 16 Bit VGA Board 

■ 14" 1024 X 768 Color Monitor 

■ 1 Parallel & 2 Serial Ports 

■ 101 Key Kevboard 

■ MS DOS 3:3 or 4.01 

$ 2295.00 


■ 80286-20 Processor 

■ 2 Megs RAM 

■ 1.2 Meg Sr Drive 

■ 1.44 Meg 3.5" Drive 

■ 65 Meg 28ms RLL Drive 

■ 16 Bit VGA Board 

- 14" 1024 X 768 Color Monitor 

■ 1 Parallel & 2 Serial Ports 

■ 101 Key Kevboard 

■ MS DOS 3.3 or 4.01 

$ 2395.00 


Cfl// for Custom Configurations ■ Ask about our Instailation Program 

Circle 135 on Reader Service Card 
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Apollo built its Series 2500 with LAN support and Unix 
workstation performance. 


Apollo Underprices 
68030-Based Unix 
System 

T he Apollo Series 2500 is 
a workstation—with all 
the bells and whistles of a 
LAN node—at a personal com¬ 
puter price. It includes a 20- 
MHz Motorola 68030, a 68882 
floating-point coprocessor, 4 
megabytes of RAM, and a 15- 
inch paper-white display with 
p maximum resolution of 1024 
by 780 pixels. 

There’s no need for a hard 
disk drive; the system has net¬ 
working support that in¬ 
cludes built-in Ethernet, IBM 
Token Ring, and Apollo 
Token Ring support, Apollo 
says. But if you’d like a local 
drive, you can buy an optional 
100- or 200-megabyte ^SI 
hard disk drive. 

All the features of the 
2500 are built onto a single 
motherboard that’s approxi¬ 
mately the size of a full-size 
IBM AT board. The only ex¬ 
pansion slots are for the hard 
disk drive controller and for 
memory. The 2500 has room 
for 16 1-megabyte single in¬ 
line memory modules. When 
4-megabyte SIMMS become 
available, users will be able to 
pack the machine with 64 
megabytes, Apollo says. 

The 2500 comes with Unix 
System V release 3. Apollo 
says that the system will run 
any of the 2500-plus Unix ap¬ 
plications that run on other 
Apollo systems. 

Price: $3990; with 100- 
megabyte SCSI hard disk 
drive, $5490; with 200- 
megabyte SCSI drive, $8495; 
19-inch monitor, $1500. 
Contact: Hewlett-Packard 
Co., Apollo Division, 330 Bil¬ 
lerica Rd, Chelmsford, MA 
01824, (508) 256-6600. 
Inquiry 1127. 


Put an 80386SX 
in Your Lap 

T he LapPRO-386SX from 
Dauphin Technology is an 
8-/16-MHZ 80386SX-based 
laptop system with no wait 
states. It comes with 2 mega¬ 
bytes of RAM, which you can 
expand to 4 megabytes. 

Also included is a 40- 
megabyte 28-ms hard disk 
drive and a 1.44-megabyte 
3V4-inch floppy disk drive. 

You can also have the factory 
install a 514-inch floppy disk 
drive. A 10-inch 640- by 
400-pixel LCD EGA/CGA 
monitor is standard, as is a 


75-key keyboard with a numer¬ 
ic keypad. 

The system’s internal 
power supply automatically ad¬ 
justs to changes in voltage, 
according to the manufacturer. 
It operates from a 110- or 
22(>-volt power source, and 
also from a 12-V cigarette 
lighter. There’s a removable 
and rechargeable battery 
pack. 

The LapPRO-386SX mea¬ 
sures 3 inches high by 12^ 
inches wide by 16 inches 
deep, and it weighs 16‘A 
pounds with the battery pack. 
Price: $4995; expansion 
chassis, $295; 80387SX-16 
math coprocessor, $550; 4- 
megabyte upgrade, $735; 


2400-bps internal modem, 
$189; 360K-byte floppy disk 
drive, $259. 

Contact: Dauphin Technol¬ 
ogy, Inc., 1125 East St. 
Charles Rd., Lombard, IL 
60148,(312)627-4004. 
Inquiry 1128. 


Wang Reinforces 
Its PC Presence 

W ang Laboratories has 
reinforced its formerly 
sparse line of IBM PC com¬ 
patibles with four new systems. 
The quartet of Wang- 
designed-and-built clones in¬ 
cludes 16- and 20-MHz 
80286-based systems aiKl two 
80386SX-based systems: a 
16-MHz AT clone and the 
company’s first Micro Chan¬ 
nel PS/2 clone. 

The two 80286-based sys¬ 
tems (dubbed the PC 250/16 
and PC 280/20) and the 
80386SX-based AT compatible 
(the PC 350/16S) include 1 
megabyte of RAM and a single 
3 Vi-inch floppy disk drive. 
Wang touts its 16-MHz 
80386SX-based MC 350/16S 
as compatible with IBM’s PS/2 
Model 55 SX but claims it 
has more on-board memory ca¬ 
pacity and expansion options. 
The system includes five 
Micro Channel slots, 2 mega¬ 
bytes of RAM, a single 3 Vi- 
inch floppy disk drive, and 
an on-board 16-bit VGA. 

All four systems let you 
put up to 8 megabytes on the 
motherboard. Monitors are 
optional. 

Price: PC 250/16, $2095; 

PC 280/20, $2995; PC 
350/16S, $2695; MC 
350/16S, $2995. 

Contact: Wang Laboratories, 
Inc., One Industrial Ave., 
Lowell, MA 01851,(508) 
459-5000. 

Inquiry 1129. 

continued 


SEND US YOUR NEW PRODUCT RELEASE 

We *d like to consider your product for publication. Send us full 
informationt including price, ship date, and an address and 
telephone number where readers can get further information. Send 
to New Products Editor, BYTE, One Phoenix Mill Lxme, Peter- 
borough, NH 03458. Information contained in these items is based 
on manufacturers ’ written statements and/or telephone interviews 
with BYTE reporters. BYTE has not formally reviewed each product 
mentioned. These items, along with additional new product 
announcements, are posted regularly on BIX in the microbytes, sw 
and microbytes, hw conferences. 
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WHAT’S NEW 


Really Seeing 
What You Get 

W hile many applications 
trumpet their 

WYSIWYG abilities, the fact 
remains that what you see on 
the screen is only an approxi¬ 
mation of the final printed 
output. 

But MegaScan Technol¬ 
ogy's Document Display Sys¬ 
tem (DDS) changes alt that. 
With a display resolution of 
4096 by 3300 pixets on a 19- 
inch paper-white noninterlaced 
diagonal screen, it actually 
shows 300 dpi on the screen, 
for nine times the display 
density of a VGA monitor. 

The DDS has an active 
screen area of 13% by 11 
inches, letting you see full- 
page documents at the same 
size, density, and image 
quality—dot for dot—as laser- 
printed output. MegaScan 
claims that while fonts that 
are smaller than 8 points are 
usually illegible even on 
high-resolution monitors, 

DDS users can comfortably 
read fonts that are as small 
as 4 points. 

The DDS card uses a 2- 
megabyte frame buffer, hold¬ 
ing document images that are 
up to 12 million pixels, along 
with menus, display primi¬ 
tives, and data structures. And 
the system's dual-ported 
video RAM has a 1.5-gigabii- 
per-second data transfer rate 
to the monitor controller via a 
short optical-fiber cable. The 
monitor itself uses a 72-Hz 
refresh rate. 

The DDS is available for 
the IBM AT and compat¬ 
ibles, as well as VMEbus 
systems such as Sun worksta¬ 
tions. Drivers for popular 
graphical user interfaces, in¬ 
cluding Windows, are avail¬ 
able now, with a Presentation 
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Smart, Cordless Mouse Distinguishes 
Between Apples, Amigas, and Ataris 


P ractical Solutions' new 
Cordless Mouse for 
Apple, Amiga, and Atari 
systems includes an 8-bit 12- 
MHz CMOS microproces¬ 
sor for plug-and-play com¬ 
patibility, the company says. 
In conjunction with an in¬ 
frared receiver and a set of 
adapters for the receiver, the 
Conlless Mouse works with 
Macintosh Plus, SE, and II 
models; all Amiga models; 
and both the Atari ST and 
Mega models. Practical 
Solutions says. 

Resolution is 200 dpi, and 
tracking speed is rated at up 
to 600 mm per second. Like 
most other rodents, the 


Cordless Mouse also has bal¬ 
listic control, so the faster 
you move the mouse, the 
faster the cursor jumps 
across your screen. 

For power, each Cordless 
Mouse requires two AAA 
batteries. A sleep mode 
works after the mouse is idle 
for more than 2 minutes, and 
an automatic shutoff func¬ 
tion powers down the mouse 
after it sits idle for more than 
10 minutes. 

Price: $149.95. 

Contact: Practical Solu¬ 
tions, 1135 North Jones 
Blvd,, Tucson, AZ 85716, 
(602) 322-6100. 

Inquiry 1137* 


Manager driver expected to 
be available by the end of the 
year. 

Price: $11,000. 

Contact: MegaScan Tech¬ 
nology, Inc., 42 South St., 
Hopkimon, MA 01748, (508) 
435-2600. 

Inquiry 1136. 


Light Pens Meet 
PCs and CAD 
Terminals 

T he DT200 series of 

1024- by 1024-pixel light 
pens is available for 
CGA, EGA, Super EGA, and 
VGA monitors, as well as for 
customized plug compatibil¬ 
ity with several terminals. 

Mac compatibility is next, 
the company promises, with a 
Mac product planned for 
mid-1990. Supported termi¬ 
nals—for CAD, process con¬ 
trol, and menu selection— 
include Beehive, Harris, 
Telex, C. Itoh, Memorex, and 
Wyse. 

Price: $135 to $210. 

Contact; Design Technol¬ 
ogy, 1050-R Pioneer Way, El 
Cajon, CA 92020, (619) 
440-7666. 

Inquiry 1139* 


Give Your PS/2 
a Nine-Track Tape 
Memory System 

i nterface Data's XT/AT- 
compatible nine-track tape 
system is now available on 
PS/2 platforms. The new sys¬ 
tem consists of a Micro 
Channelarchitecturc“based 
add-in card with cabling to 
your choice of breadbox-size or 
two-breadbox-size periph¬ 
erals. Included on your MCA 
card is a 5-MHz Z80-based 
processor, which facilitates 
data transfer to a maximum 
rate of 250K bytes per second. 
Data transfer mode is direct 
memory access, interrupt con¬ 
trolled. RAM is 64K bytes. 

Series 3/98 will read tapes 
on 7-inch reels at data densities 
of 1600 and 3200 bits per 
inch (for data backup). The 
larger Series 3/99 systems 
read tapes on 10'>4-inch reels. 
Each Series 3/99 reads tape 
densities of 1600 and 3200 bpi, 
as well as the more tradition¬ 
al 800-bpi densities. A high- 
performance Series 3/99 
GCR (group code recording) 
system can handle tapes with 
6250-bpi densities. 


Price: Series 3/98, $4995; 
Series 3/99, $5499; Series 
3/99 GCR, $10,995. 
Contact: Interface Data, 
Inc., 800 West Cummings 
Park, Suite 6900, Woburn, 
MA 01801, (617) 938-6333 
Inquiry H38, 


Two Printers in One 

I f your priming needs in- 
I elude both PostScript and 
Hewlett-Packard page-con- 
trol-language (PCL) capabili¬ 
ties, Personal Computer 
Products' dual-standard Laser- 
Image 1100-PS will elimi¬ 
nate the big bucks and space 
problems of buying two 
printers. The 1100-PS includes 
both an Adobe PostScript in¬ 
terpreter and HP LaserJet 
Series 11 emulation. You can 
switch between the two with a 
front-panel switch. 

The printer's PostScript 
interpreter has 35 typefaces 
from 11 font families, and, 
according to the company, it 
supports the entire Adobe li¬ 
brary of downloadable fonts. 
On the Hewlett-Packard side, 
the 1100-PS includes 24 stan¬ 
dard fonts, as well as support 
for all PCL-compatible down¬ 
loadable fonts. 

The 1100-PS comes with 
RS-232C, RS-422, and paral¬ 
lel ports. It's rated at 6 pages 
per minute at 300-dpi resolu¬ 
tion. Two megabytes of 
RAM is standard, and you can 
expand it to a maximum of 4 
megabytes. The standard paper 
tray holds 150 sheets, and the 
auxiliary tray holds 250 sheets. 
The printer is available alone 
or bundled with the Image- 
Press desktop publishing 
software. 

Price: $4995; with Image- 
Press, $5295. 

Contact: Personal Computer 
Products, Inc., 11590 West 
Bernardo Court, Suite 100, 

San Diego, CA 92127, (619) 
485-8411. 

Inquiry 1135. 

continued 
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cquarions anywhere on the screen, 
add text to support your work, and 
graph the results. Then print your 
analysis in presentation-quality 
documents. 

It has over 120 commonly used 
functions built right in, for handling 
equations and formulas, as well as 
exponentials, differentials, cubic 
splines, FFTs and matrices. 

No matter what kind of math you 
do, MathCAD 2.5 has a solution 
for you. In fact, it’s used by over 
60,000 engineers and scientists, 
including electrical, industrial, and 
mechanical engineers, physicists, 
biologists, and economists. 

But don’t take our word 
for it; just ask the experts. 

PC Magazine recently 
described MathCAD as 
‘‘everything you have ever 
dreamed of in a mathemat¬ 
ical toolbox.” 

And for Macintosh* 
users, we present MathCAD 2.0, 
rewritten to take full advantage of 
the Macintosh interface. Entering 
operators and Greek letters into 
equations is pure simplicity! 

Look for MathCAD 2.5 at your 
local software dealer, or give us a 
call. For more information, a frce 
demo disk, or upgrade information, 
dial I-800-MATHCAD (in MA, 
617-577-1017). 

Available for IBM* compatibles 
and Macintosh computers. 

TM and (S) signify manufacturer's trademark or 
manu&cnircr's rcgisccred trademark respectively. 


IMAGAZINE 


FIXTORS 

l.cfiQjaJ 

March 14, 
1989uBue. 
Best of'88 
Best of *87 


After centuries of practice, 
mankind perfects engineering 
caicuiations: MathCAD. 


Announcing MathCAD 2.5: 
The Dawn of a New Age. 

What the historians will call it, 
only time will tell. 

Perhaps the Century of Speed, or 
the Era of Ease. But whatever the 
name, this is the age of MathCAD 2.5, 
the only math package that looks 
and works the way you think. 


MathCAD 2.5 includes 3-Dplotrif^, HPCL sketch 
import^ and PostScript ou^mt. 


MathCAD is f^ and away the 
best-selling math package in the 
world. Because it lets you perform 
engineering and scientific calcula¬ 
tions in a way that’s fester, more 
natural and less error-prone than 
the way you’re doing them now- 
whether you’re using a scratchpad, 
calculator, spreadsheet or program 
that you wrote yourself. 

And now we’ve made the best 
even better. MathCAD 2.5 is a dra¬ 
matically improved version that in¬ 
cludes three-dimensional plotting, 
enhanced numerical analysis, and 
the ability to import HPGL files 
from most popular CAD programs, 
including AutoCAD.* And now you 
can print on PostScript* compatible 
printers. 

And like before. MathCAD’s live 
document interfece™ lets you enter 


MathCAD' 

MathSoft. Idc. One Kendall Squaie. Cambridge. MA 02139 


U.K.: Adept Scientific0462-4«0055; France: ISE CEGOS1-46092768; Germany: Softline07802-4036; Japan: CRC 03-665-9768. 

Circle 194 on Reader Service Card 
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Not every kind of pointing device fits your kind of hand. 









V'^,' 




lOGiUGH 


*Senat verskjn. flus version fs SJ^9. -2 ■■Sis a trociefnorh of Lotus Corp. 

Circle IBS on Reader Service Card (DEALERS: 189} 


When we put our minds to 
designing the next generation of 
pointing devices, we started 
with our hands, it turns out that 




■ '■' " ■" 

TrackManjs built 
the way you are. 


thumbs have over twice the muscle and agility of 
other fingers—which only go up and down. 


We tested dozens of prototypes. None beat the 
body you see before you. A trim 4.25'"x 5.25"J fully 
equipped with o low-inertia, lightweight ball (placed 
under the thumb), three buttons 
(under the hngers), and room 
to rest the hand. 

TrachMan Is smart, too: 
adjustable from 50 to over 
15,000 d.p.l. resolu¬ 
tion (default at 500}; 
on-the-fly ballistic driven lots of built-in 
menus to speed up popular keyboard based 
applications. Even o shell for Lotus l-2-5y 


Simple to install, this stationary mouse is 
compatible with all other top-selling mice. 
TrachMan is guaranteed to work with any 
application on a 256K IBM (or compatible) 
personal computer. Price? $ 139f complete 
with Satisfaction Cuarontee, and J-Days- 
A-Weeh Product Support. 


For further information call: 

800-231-7717 

In California: (800) 552-8865 
in Canada: (415) 795-8500 
In Europe: -v-v41-21-869-9656 
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Hewlett-Packard mys that its IGC-20 is a TMS34O20~bQsed 
board that offers 15 times the performance of a conventional 
VGA card. 


Cutting-Edge 
Graphics 
for ATs 

I f VGA resolution, speed, 

I and color choice aren’t suf- 
ficient for your needs, Hew¬ 
lett-Packard has a pair of IBM 
PC graphics boards that go 
beyond VGA by using Texas 
Instruments’ dedicated 
graphics processor chips. 

The HP Intelligent Graph¬ 
ics Controller 10 (IGC-IO) 
uses a TI TMS34010 graph¬ 
ics processor. It gives you a 16- 
or 256-coJor display out of a 
palette of 256,000 and can 
display applications in 640 by 
480, 800 by 600, and 1024 by 
768 pixels. Hewlett-Packard 
says that in performance, the 
IGC-10 betters a standard 
VGA card by five times. 

On the high end, the com¬ 
pany claims that the Intelligent 
Graphics Controller 20 (IGC- 
20) is the first shipping PC 
graphics card based on the 
Texas Instruments TMS34020 
graphics processor. It has 15 
times the performance of a 
conventional VGA card, 
Hewlett-Packard says. With a 
capable monitor, the lGC-20 
can give you 1024- by 768- 


pixel or 1280-by 1024-pixel 
resolution, and it displays 256 
colors out of 16.7 million. 

Both the lGC-10 and 
IGC-20 work with all IBM 
ATs and compatibles, as well 
as the new generation of 
EISA-bus systems* They’re 
compatible with all software 
that works with the TIGA 
(Texas Instruments Graphics 
Architecture) 340 and the new 
Direct Graphics Interface 
Standard. DGIS-compatible 
software includes such com¬ 
mon graphical user interfaces 
and applications as Microsoft 
Windows and GEM. Both 
boards also have a "VGA 
pass-through" feature that 
lets you use them in your 
system in conjunction with 


a standard VGA board. 

The boards each come 
with 5I2K bytes of RAM. But 
if you need even better per¬ 
formance, you can upgrade 
them. The IGC-10 takes up 
to I megabyte of video RAM 
and up to 3.5 m^bytes of 
RAM; the IGC-20 will handle 
2 megabytes of VRAM and 
3.5 megabytes of RAM. 

Price: Intelligent Graphics 
Controller 10, $995; Intelli¬ 
gent Graphics Controller 20, 
$2495; 512K-by!e VRAM up¬ 
grade, $400; 512K-byte 
RAM upgrade, $330. 
Contact: Hewlett-Packard 
Co., 3404 East Harmony Rd., 
Fort Collins, CO 80525, 

(303) 229-3800. 

Inquiry 1141. 


Link Your Micro 
Channel to a Laser 
Printer 

T he JLaser6-MC uses a 
high-speed direct video 
interface from your computer 
to your laser printer’s print en¬ 
gine. According to Tall Tree 
Systems, this gives you print 
speeds that are two to six 
times faster than what you get 
using a standard parallel 
printer interface. It works with 
the Hewlett-Packard LaserJet 
Series 11 and alt Canon SX 
prini-cngine-based printers. 

The interface also gives 
you the ability to print true 
halftone images with up to 
256 levels of gray at 70 lines 
per inch, and up to 128 levels 
of gray at 106 lines per inch. 
The company says that this is 
done by modulating the laser 
beam to a much higher reso¬ 
lution than normal. 

For printing bit-mapped 
images, the JLaser6-MC needs 
2 megabytes of expanded 
memory. If your system 
doesn’t have EMS-compat- 
ible memory, you can add an 
optional 2-megabyte 
daughterboard to the JLaserb- 
MC that also gives you a 
SCSI port. 

The JLaser6-MC package 
comes with a Micro Channel 
board, a video interface 
board for your laser printer, a 
connecting cable, and a Bit- 
stream Foniware disk. It also 
comes with drivers for 
Microsoft Windows, GEM, 
and Ventura Publisher, plus 
JBanner (an image and text 
utility) and JPlot (a Hewlett- 
Packard Graphics Language 
emulator). 

Price: $599; with 2 mega¬ 
bytes, $899. 

Contact: Tall Tree Systems, 
P,0. Box 50690, 2585 East 
Bay shore Rd., Palo Alto, CA 
94303, (415)493-1980. 
Inquiry 1143, 

continued 


Add 80386SX Power to Your Wimpy 80286 


W hile upgrading your 
80286-based AT to 
the greater power of a 32-bil 
80386SX processor has been 
possible for quite a while, 
you’ve been limited to add¬ 
in cards that are constrained 
by the speed of the bus. Cu¬ 
mulus says that its 386$X 
Card gets by this limitation 
through the simple process 
of plugging directly into 
your motherboard’s proces¬ 
sor socket. 

The 16-MHz 386SX card 
replaces 80286 processors 
with clock speeds of up to 16 
MHz. Cumulus says that if 
you have an AT or compat¬ 


ible that runs at 8 MHz, you 
can expect a performance 
gain of 10 percent to 15 per¬ 
cent. The card, which mea¬ 
sures 2by 2 ^4 inches, also 
has a socket for an optional 
80387SX math coprocessor. 
The company claims that 
this gives you four times the 
performance of an 80286/ 
80287 combination. 

The company says that 
once you’ve installed the 
386SX Card, you’ll be able 
to run all 80386-specific 
software, such as Windows/ 
386 and DESQview/386. 
Also included is software 
that lets you run expanded 


memory (EMS 4.0) applica¬ 
tions in your system’s ex¬ 
tended memory. 

The 386SX Card is com¬ 
patible with PGA (pin grid 
array) and PLCC (plastic 
leaded chip carrier) socket 
t5fpes. You can install it in 
most IBM ATs, PS/2s, and 
compatibles, including the 
PS/2 Models 30 286, 50, 50 
Z, and 60, and the Compaq 
Deskpro 286, 

Price: $595. 

Contact: Cumulus Corp., 
23500 Mercantile Rd., 
Cleveland, OH 44122, (216) 
464-2211. 

Inquiry 1140. 
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If You Want To Talk 
Fast DBMS 
CaU 1-800-db-RAIMA™ 
And Start Screaming 



You’ll be screaming, all 
right. db_VISTA III from 
Raima Corporation 
combines the flexibility of a 
relational DBMS and the 
lightning speed of the 
network database model. 


db VISTA 111 Database Management System 


Features 

db VISTA 3.1 High Performance DBMS: 


.Single and Multi-User available 
Relational B-uiee Indexing 


and all related records can be 
immediately available using the 
network model. You decide how 
to combine these for best 
application performance. 


db^VISTA III is 
written for C 
Programmers. 

Source code available. The 
interactive database utilities and 
outstanding documentation make 
db_VlSTA III easy to learn. All 
applications arc portable to VMS, 
UNIX, OS/2, MS-DOS, even 
Macintosh. No royalties. 




Referential integriiv 


db_VISTA III is fW. Using 
benchmarks originated at PC Tech 
Journal Laboratories, db_VISTA 
III measured 3 to 12 times faster 
than the average relational 
database! Call us and weMl send 


Automatic recovery _ / 

Record & File locking _ / 

RAM resident _ I 

db_QUFRY 2.1 SQL»basgcHjucr>; _^ 

Relational Qucin & Rc{Xjrt Writer _ / 

db_RFV'ISE I.B Dalahaw Restrutlun? Pn»gr«m: 

Total database redesigti/iesiructuring / 


Operating .Systems^; VMS. ULTRIX. UNIX / 


BSD 4.2, SunOS. XENIX. MS-DOS. / 


Macintosh and MS Windows. OS/2 compaiiblc / 
C Uompilcrs^^; .Most compilers >upp>ned ✓ 


C.++ compatible 


LANs*; 3COM. Novell. Banyan. AppleShare / 
WKS Librar\: 


Read & Write WKS. WK1 & DBF files 


SOURCE CODE .WAILABLE 


ROYALTIES; I AbsoluteK not! I k 


SQL Support with 
SQL-based db_QUERY. 
db.VISTA Ill’s rela¬ 
tional query and report writer. 


db_VISTA Puts You in 
Some Fast Company. 
Thousands of C programmers in 
over 50 countries worldwide use 
db.VlSTA III, including 
APPLE. ARCO, AT&T, EDS, 
Federal Express, Hewlett- 
Packard. IBM, NASA... 


♦'Other environments are sup|>oricd; call for complete list. 


Don’t wait. Call Raima for more 
information about how you can 
build applications that are 
screaming-fast! 


you the results. 


TM 


Relational and Network 
Model Technology for 
Programming Flexibility. 

Retrieve a record fast using the 


db_VISTAm 

Database Management System 


Call l-800-( 

(That’s 1-800-327-2462) ;I 


Relational keyed access method 


Rated Numberl 

O^'crall Performance 


according to a PC WEEK Poll 
^il^^porale Satisfaction,^ 
W^^mugustlS, 1989 .^^ 


CORPORATION 


PTyn 3245 I46ih Place S.E. Bellevue. WA 98007 USA <206)747-5570 Telex: 6503018237 MCI UW FAX: (206)747-1991 Texas: (214) 231-3131 
ribuiors: UJC.; (0992) 500<)i9 CH^itiwny: 07127/5244 Switzeriand: (01)725 0410 France: (1 )46()92828 Benelux:; 31(02159)46814 
Sweden: (013)124780 llxdy: 045/584711 Norway: 47 244 88 55 Denmark: (2)887249 Japan: (03)473 7432 Taiwan: (02)511 3277 Mexico: (83) 57 35 94 

. *>0 ^0 r’f»ntml Amrrir.T 1506)28 07 64 ©Coovripht 1989 Raima Comoration . 
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WHAT’S NEW 


Inexpensive Word 
Processor in a 
3-pound Package 

T he WP-2 IS an inexpen¬ 
sive laptop computer built 
for word processing. It fea¬ 
tures a 5.5-MHz Z80 chip, a 
62-key QWERTY keyboard, 
and an SO-column by 8-row 
LCD screen. Standard mem¬ 
ory is 32K bytes, 22K bytes 
of which is available for 
documents. 

Besides the word process¬ 
ing program, Tandy added a 
100,000-word spelling 
checker, a 200,000-word the¬ 
saurus, and communications 
software that supports ASCII 
and XMODEM. 

Using the two function 
keys in combination with num¬ 
ber keys, you can cut, copy 
and paste, search and replace, 
center and justify text, output 
to a printer, or initiate tele¬ 
communications. The tele¬ 
com municaticHis software runs 
through the WP-2*s serial 
port, and there's a parallel 
port for priming. 

TheS^^-byll^-byl- 
inch WP-2 is powered by four 
A A batteries, which Tandy 
rates at 12 hours. A lithium 
battery backs up the RAM 
and has an estimated life of 
more than five years. 

Options include an AC 
adapter, 32K bytes of internal 
RAM (which must be dealer- 
installed), and an IC card that 
plugs into a side slot on the 
computer with an additional 
32K bytes of RAM. 

Price: $349.95; internal 32K 
bytes ofRAM, $49.95; 1C 
card, $119.95; AC adapter, 
$6.95. 

ContaGt: Tandy Corp., 1800 
One Tandy Center, Fort 
Worth, TX 76102, (817) 
390-2129. 

Inquiry 1147, 
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Virtual Software 
for a Real 
Oscilloscope 

D eveloped by National 
Instruments, CAT200 
Virtual instrument Software 
is the first shipping example of 
the company's DOS-based 
virtual-instrument technology. 
It's used to control Tektron- 
ix's 222 Digital Handheld Os¬ 
cilloscope through a standard 
RS-232C serial link. 

CAT200 re-creates on your 
computer screen the entire 


front panel of the oscillo¬ 
scope, allowing you to acquire, 
analyze, reduce, and store 
data using any IBM PC, PS/2, 
or compatible (including lap¬ 
tops). Tektronix says that the 
package is designed for both 
experienced and novice users. 

Using a mouse, you can 
point and click to activate any 
of the 222Vs controls. You can 
also store commonly used set¬ 
ups for nearly hands-free use 
in the field. The package can 
display up to six different 
waveforms, which you can 
store for later analysis or 
compare with incoming 


Spectrum Analyzer Includes an XT 


R apid Systems' R375 is a 
10-MHz IBM PC XT- 
based fast Fourier transform 
spectrum analyzer designed 
for engineering testing, in¬ 
cluding vibration, impact, 
ultrasound, modal, and me¬ 
chanical analyses. 

It analyzes two channels 
at once, with frequencies of 
up to 10 MHz and in the lime 
domain to 2 MHz at 10 sam¬ 
ples per cycle. Using a built- 
in digital signal processor, it 
can simultaneously display 
frequency spectra and asso- 
ciated time waveforms. 
Then you can automatically 
save the data to the 20-mega- 
byte hard disk drive or to a 


floppy disk. The display is 
EGA-compatible, there^s a 
mouse interface, memory is 
640K bytes, and there is one 
serial and one parallel port. 

Other features include 
I inear or log scales, window¬ 
ing, 65-dB dynamic range, 
programmable gain from 
0.256 millivolt to 512 volts, 
switchable impedance from 
50 ohms or I megohm, and 
128K bytes of waveform 
memory. 

Price: $6995. 

Contact: Rapid Systems, 
Inc., 433 North 34th St., Se¬ 
attle, WA 98103, (206) 547- 
8311. 

Inquiry 114S. 


signals. 

Tektronix says that a 
unique feature of the CAT200 
package is its built-in support 
for Hayes-compatible modems. 
Using the telephone lines, 
you can link a PC running the 
package to a remote 222 
scope, turning the telephone 
network into ultralong 
probes. You can then control 
the scope from your PC, just 
as if it were next to you. You 
can also upload and down¬ 
load captured waveforms 
between locations. 

The software requires 
640K bytes of RAM, an EGA 
or VGA graphics card, a hard 
disk drive, and a serial port. 
Price: CAT200, $395; 222 
Digital Handheld Oscillo¬ 
scope, $2450. 

Contact: Tektronix, Inc., 

P,0, Box 500, Beaverton, OR 
97077, (503)627-7111. 
Inquiry 1149. 


Battery Power 
for Days on End 

Y OU can drive any electri¬ 
cal device that requires 12 
volts of power, such as a por¬ 
table computer, with the Bat/ 
Pak 30-ampere-hour battery 
pack, according to Horizon 
Entertainment. 

The pack comes with a 
meter, switch, fuse, and two 
output receptacles (XLR and 
cigarette lighter). The battery 
is a sealed lead-acid deep 
cycle type mounted in a case 
covered with black fiberglass 
and insulated with one-half 
inch of foam. The unit 
weighs about 25 pounds and 
measures 6^ inches wide by 
9^^ inches deep by inches 
high. 

Price: $295; XLR charger, 
$39.95. 

Contact: Horizon Entertain¬ 
ment, Inc., P.O. Box 300146, 
Houston, TX 77230, (713) 
747-6433. 

Inquiry 1146. 
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Programmer's Paradise 445^899 



Microsoft, the industry trend 
setter at providing language 
tools for the softivare developer 
has done it again, with three 
netv products to lead the way 
into the 90's. A nd Program¬ 
mer's Paradise, the world's 
leading source of development 
softivare is ready to ship them 
to you. Call us today to order 
these and other outstanding 
Microsoft software products. 



Microsoft OS/2 Presentation Manager Toolkit 

lire Microsoft OS/2 Presentation Manager Toolkit provides a complete set of visually- 
oriented software tools and documentation to help you develop the next generatioo 
of graphical applications for the OS/2 Presentation Manager Presentaticm Manager 
provides a consistent, graphical user interface that makes applications easy to learn 
and use. The Toolkit includes the soft^^are to create and customcce drop-down menus, 
dialog boxes^ icons, and fc:)nts that make this intuitive envirc^nment possible. Also 
included is a complete set of reference documentation; QuickHelp, the on-line, context 
sensitive reference; HelpMake to add to the QuickHelp database; over 3 MB of sample 
code; and 2 free hours of on-line support. 


Microsoft QuickPASCAL 

A powerful new implementation of 
Pascal that provides superior productivity 
and performance to current Pascal 
programmers, and alst) opens the door 
to objeet-cjriented programming. 

The QuickPASCAL compiler and linker 
are the fastest available for Pascal on a 
PC, assuring superior performance. 



And QuickPASCAL integrates a compiler, 
editor and debugger into one highly 
productive, intuitive environment. 

Object-oriented programming is expected 
to be the major programming development 
of the 1990s. MicrosolTs implementation of 
object-oriented constructs in QuickPASCAL 
will provide you with an easy, smooth 
transition into object-oriented techniques. 


Microsoft QuickC Compiler with QuickAssembler 

Microsoft QuickC Compiler with QuickAssembler is the firsl product to fully integrate 
C and assembly language into one seamless environment, giving you maximum 
power and ease of use. Write and edit source code in C; accelerate speed-critical 
routines or gain low-level access to your hardware with assembly language; compile, 
assemble, run, and debug—all within the same integrated software development 
system. Comprehensive reference guides and innovative on-line learning tools make 
the two languages and the unique integrated environment easy to master. Two 
popular languages, one smooth environment-the power of C and the speed of 
assembler, together at last! Amazing! 



THE MICROSOFT PRODUCT UNE 



im 

OtlftS 

MS BASIC/6.0 

29S 

199 

MSC 

4SU 

299 

MS COBOL 

900 

599 

MS Excel 

495 

279 

MS Excel (MAC) 

395 

279 

MS FORTRAN 

450 

299 

MS Learning tXDS 

50 

40 

MS Mach 20 

495 

329 

MS Macni 

MS Mouse Bus or Serial 

150 

99 

w/ Paintbnjiih & Mouse Menus 

150 

99 

w/ EasytlAD 

175 

119 

w/ Paintbrush & Windows 

200 

139 

MS OS/2 rre.^cnLiUorj Manager Softset 

150 

105 

MS OS/2 Presentation Manager Toolkit 

500 

329 


MS Pageview 

UST 

50 

QUH5 

40 

MS Pascal 

300 

199 

MS PowerPoint (MAC) 

595 

279 

MS QuickBASIC 

99 

69 

MS QuickBASIC: (MAC) 

99 

69 

MS QuickC 

99 

69 

MS QuickC wiih QuickA\senihief 

199 

135 

MS QuickPASCAL 

99 

69 

MS Sort 

195 

130 

MS Windows/2B6 

99 

69 

MS Windows/3a6 

195 

130 

MS Windows Development Ktt 

500 

319 

MS Word 

450 

279 

MS Word (MAC) 

395 

279 

MS Works 

149 

99 


drr l^ 262 on Reader Service Card 


































T>o your One-Stop Shopping at 



WE’LL MATCH NATIONALLY ADVERTISED PRICED. 



LIST 

OUR5 

386 PRODUCTS 



306 A5NVLINK 

495 

435 

IhfvVMM 

295 

239 

1B6MAX 

75 

64 

386MAX PRt >F tSSiONAL 

129 

109 

C Network Compiler/106 

995 

799 

UESQview 306 

190 

T69 

Lahey r77L-EM/32 

895 

795 

Mtcrosofi Window5/.306 

195 

135 

NOP FORTRAN-380 

595 

549 

Parado)c/106 

B95 

625 

VM/386 

245 

199 

VM/3S6 Multi-User 

095 

759 

VM^86 NetPak 

150 

119 

VNV3B4 A NetPak Bundle 

399 

749 

ADA LANGUAGE 



IntegrAda 

795 

749 

lanui^Ada Compiler 

30(1 

269 

|anus/Ada Options Kit 

500 

449 

Meridian: 



AdaGraduate 

495 

445 

Ada Student 

50 

45 

Ada Tutor 

150 

135 

Ada Vantage Developer's Kit 

1095 

985 

Ada Vantage PC Prnf. Duv, Kit 

1700 

1599 

ASSEMBLY LANGUAGE 



Advantage Disassembler 

295 

279 

MS Macro AsH?mbli?r 

1.50 

99 

OPT ASM 

125 

109 

Sourcer w/ BiOS source 

140 

125 

Turbo AssembleVDebuggt^ 

150 

105 

Visible Computer; 00206 

100 

89 

BASIC COMPILERS 



MS BASiC/b.n 

295 

199 

QuickBASIC 

99 

49 

True BASIC 

100 

69 

Turbo Basic 

100 

69 

BASIC ilBS/UTILITIES 



diVLIB 

139 

121 

Designer QuickWinrkjwy 

59 

55 

□ia Logic 

79 

70 

Finally! 

99 

89 

Graph Pa k 

79 

70 

Craphpdk Professional 

149 

125 

LaserPak 

79 

70 

ProBas 

135 

125 

ProBas HyperHelp Toolkit 

99 

94 

ProBas Telecomm. Twlkil 

75 

70 

ProBas Toolkit 

99 

94 

ProMath 

99 

94 

ProScreen 

99 

89 

QBase Report 

79 

70 

QBase and Quickscreen 

149 

125 

QuickComm 

139 

125 

QuickHelp 

59 

55 

QuickMenu 

59 

55 

QuickPak 

79 

70 

QuickPak Professional 

149 

T2S 

QuickPak Scientific 

79 

70 

QuickScreen 

79 

70 

QuickWfndows Advanced 

139 

125 

QuickWirKJows Advanced Corp, 

500 

445 


C COMPILERS 

C NEiwork Compiler 
La [lice C Cj 0 
Mkrofioft C 
MS QiikkC 

MS QuickC w/QuickAsw-mbfer 
Turbo C 

Turbo C Prof^sional 
WATCOM € 7,0 
Zortcch C 

C++ 

GuEdelinra C++ 

Zoftech C++ 

DtrvelcjpeCi Edition 
Zonech C++ Tools 

C-COMMUNICATJONS 

Breakout 

C Asynch Manager 3,0 
Essentjal Communtcation^ 
Criwnleof Comm, iJbrary 
Green [pa I ViewCumm 
Latiicp CommunEratson Library 
SilvcrComm C Asyoc Library 

C-FILE MANAGEMENT 

Biripvp 

Btrieve for DOS IJ Networks 
CBTRfF 
C Index + 

C^LSAM 
torfebase JV 
CQL w/PASS 
c-rree 
dBC III 
dBC n\ Plus 
db.FILE llutidJe 
Essenlial B-Tree 

C-CENERAL LIBRARIES 

C TOOLS PS.U$^6,0 
C Uifliiy Library 
Greenleaf Functions 
Green feaf SuperFuncHons 
Turlso C TOOLV2,0 

C SCREENS 

C-Worthy w/ Forms and source 
Fatefl 

Gneenleaf DalaWindows 
JAM 

Panel Pfus 
Vermont Views 
Vitamin C 
VC Screen 


LIST OURS 

695 

525 

250 

199 

450 

299 

99 

69 

199 

13S 

ISO 

99 

750 

149 

395 

319 

90 

79 

295 

249 

ZOO 

145 

450 

385 

T50 

129 

125 

99 

189 

139 

249 

199 

299 

209 

559 

475 

250 

209 

249 

209 

745 

185 

595 

449 

159 

135 

99 

89 

775 

209 

295 

219 

395 

349 

395 

3T5 

250 

219 

500 

439 

295 

249 

99 

89 

149 

109 

199 

139 

229 

165 

299 

209 

149 

109 

495 CALL 

99 

89 

.595 

279 

595 

529 

495 

395 


COBOL LANGUAGE 

Micro Foe us r 
COBOIZZ w/ Toolset 
COBOiyz Toolsei 
Personal COBOL 
MS COBOL 
Kealia COBOL 
w/RealMENU 
SCREE NIO 

CODE GENERATORS 

C ScMjrre 
Lofik: Gem 
MaPix Layout 3.0 
PRO-C 


DATABASE DEVELOPMENT 

Clarinn Z.O ^5 

Clear + 200 

Clipper 5.0 

dBASf IV 795 

dGE jg5 

Dr. Switch to 

Dr. Switch Oeveloperfak 99 

FoxBAS£+ 395 

Magic PC 299 

Porarlox 3,0 725 

R&R Report Writer I5p 

w/ Clipper/ Fox BASE rnodule 200 
R& R Code Generator 150 

Say What?t so 

SiJverComm Library 2.D |fJ9 

C Interface 99 

SilverPak 295 

Tom Reltig's L ibrary ] 00 

EDITORS 

BRIEF 3,0 199 

Edix 195 

Epsilon 1 95 

ICE0JT4.0 I5D 

MKS Vi 149 

iVnftun Editor 75 

SLICK Editnr 195 

SPF/PC 245 

VEDtTPLUS 185 

FLOWCHARTING 

Easyf Inw, InteraclEwe 150 

Flow Charting f|+ 229 

REF low 79 


LIST OURS 


I BOO 1499 
900 749 

149 T29 

900 fc29 
995 849 

1145 979 

400 375 


395 299 

198 179 

200 149 

199 339 


499 

169 

439 

AB9 

179 

55 

89 

249 

249 

S09 

129 

159 

129 

45 

165 

89 

249 


CALL 

145 

159 

125 

129 

59 

T7S 

199 

115 

115 

T79 

70 


FORTRAN LANGUAGE 

Cr^fmatic us 119 

Lahey F77t 595 529 

labey Personal FORTRAN 77 9S 89 

MS FORTRAN 450 299 

f'iotmatk 135 119 

Printmatic Us 119 

RM/FORTRAN 595 499 

GRAPHICS LIBRARIES 

Baby Driver 250 

EssanUal Graphjc,s 299 

Funl-Tools 150 

Graf-Text 09 

Graphic 5.0 19S 

Craphks^ENU 195 

CSS Graphics fX'vef. Toolkit 595 
HALO 395 

HALO Window Toolkit 595 

Icon-Tools/Pfus 1 sn 

MelaWincfow 250 

Meta Window Plus 325 

Menuet 250 

PCX Effects 99 

PCX Pregrammer's Toolkit 195 

PCX Text 149 

XVT 595 

LINKERS/LIBRARIANS 

PlinkSbplus 495 419 

Pofyl ihraban H 149 135 

.RTLink us 185 

MODULA-2 

LOCI TECH ModuJa-2: 


225 

239 

135 

79 

322 

175 

509 

279 

419 

135 

209 

269 

225 

89 

175 

135 

509 


395 CAll 
225 145 


Compiler Pack 

99 

75 

Developnienl System 

249 

199 

Repertoire 

T49 

135 

TopSpeed Mrxiula-Zi 



B-Tree Toolkit 

149 

135 

Communications Toolkit 

149 

135 

Compiler Kit 

100 

89 

DOS 3-Pack 

200 

179 

Ter.hKil 

60 

55 

VID 

60 

55 

OPERATING SYSTEMS 




149 115 Concurrent IXJ5 304 [3-osersl 395 


C-UTILITIES/OTHER 

Clear + 

2on 

T69 

Interactive TSS/ix (complelej 
Multi-User 

1095 

1445 

989 

1299 

C-Terp 

300 

219 

Microport Sys. V/386 (compO 

899 

799 

Heap Expander 

SO 

70 

PC-MOS 386 3.0 f 1 -used 

195 

179 

Norton Guides for C 

100 

45 

SCO 286 XENIX (complete) 

1295 

1099 

PC-1 ini 

139 

105 

SCO 386 XENIX (complete) 

1595 

1249 

FCVACC Professional 

395 

359 

Wendfn DOS 

139 

189 

TimeSlicef 

295 

279 

PCNX 

99 

80 

w/soufce 

1000 

899 

ICVMS 

139 

109 



LIST OCRS 

OS/2 TOOLS 



Brief 

19S 

CALL 

Btrieve 

595 

449 

Epsilon 

195 

159 

Greenleaf Data Windows 

395 

389 

GS5 Graphics Toolkit 

595 

519 

HALO 

695 

489 

MKS Toolkit 

495 

439 

MS Present- Mgr. Toolkit 

500 

349 

Multiscope 

299 

249 

Panef Plus 

495 

395 

Paradox Q5/2 

725 

543 

TopSpeed Modula-2 

195 

179 

Vitamin C 

345 

279 

PASCAL LANGUAGE 



Asynth PIUS 

149 

T15 

B'tree filer 

T25 

99 

MS QuickPASCAL 

99 

49 

Object Professional 

ISO 

119 

Flower Screen 1.1 

149 

109 

Power Tools PLUS/S.O 

149 

f09 

Topo2 

75 

67 

Turbo Analyst 

99 

79 

TurboMACiC 

199 

179 

Turbo Pascal 5.5 

150 

105 

Turbo Pascal 5-5 ProfessronaJ 

250 

175 

Turbo-Plus 5.5 

150 

129 

Turbo Professional 5.0 

125 

99 

PROTOTYPING 



Dan Bdcklin's Demo [1 

195 

159 

Instant Replay Eli 

150 

135 

Show Partner F/X 

350 

319 

Soft Demo 

80 

78 

SOURCE MAINTENANCE 


MKS Make 

149 

129 

MKS RCS 

189 

159 

Personal PVC5 

149 

125 

PcilyMake 

149 

125 

Professional PVCS 

395 

335 

-SeidI Veoion MjriaKer 

300 

249 

TLIB 

100 

9(1 

5 Station LAN 

300 

2-59 

WINDOWS (MS) TOOLS 


Actor 

495 

429 

C.asfr:W 

795 

759 

C-TalkA^icws 

450 

37S 

dBFast/Windows 

249 

229 

MS Windows Development Kit 

500 

349 

Whiltwater Resource Toolkit 

195 

149 

WinTriove 

395 

339 

ADDITIONAL PRODUCTS 


Bafer Spreadsheet Compiler 

495 

459 

Derive 

200 

179 

Inside! 

125 

109 

Opt-Tech Sort 

149 

129 

Paginate 

100 

89 

PC/Forth + 

250 

22s 

Pc Metric 

199 

185 

PC Scheme 

95 

79 

Pctsonal Rexx 

150 

179 

Source Print 

99 

89 

Tree Diagrammer 

99 

89 


NEW RELEASES 

PAGINATE 

Ni^w from AccuMaTics. a higher 
approach to source printing, Fulb 
screen directory display. Integrated file 
browser witJi text selection and text 
export. Tag files for a eompfetely 
automated session. Background 
printing. Structure diagrammers and 
much more. 

List; SI00 Ours: $89 

THE HEAP EXPANDER 

Programs can have virtually unlimited 
heap space using expanded memory^ 
extended memory and disk space. 
Comes with cTompIcle source code and 
libraries^ documentation and util Ely 
^qg^ms. Supporti Microsoft C and 

List: SaO Oui^: $70 

SMALLTALK/V PM 

Conibintes the power of the industry's 
lead trig object-oriented environment 
with the richness of Presentation 
Manager, fully compiled, giving a PM 
applEcation developer an exifemely 
responsive environment with which 
to work. Source code compatibility 
with Digitalk's other Smalltalk producls. 
List: $500 Ours: $42S 
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445-7899 


An Invitation TOO 
Good To Refuse 

You're invited to purchase 
Vermont Views libraries v1,1 
NOW, and receive Vermont 
Views v2.0 with the Designer 
fHBE upon its release- This 
offer is good only until January 
31st. 1990. Don^beieftoui 
of the cetebrationt 

For more detalb, see oui 
od fn thb magazine. 



im OUR.S 

BORLAND 



Paradox 3.0 

225 

509 

SideKick PJtrs 

200 

139 

Turbo Asscmblfif/Debugger 

150 

105 

Turbo Basic 

100 

69 

Turbo C 2.0 

150 

99 

Turbo C Z.O PTofessionaf 

Z5D 

169 

Turbo Pascal 5.S 

150 

105 

Turbo Pascal 5.S Professional 

2S0 

175 

Turbo Prolog 

150 

105 

Turbo Prolog Toolbox 

100 

69 

CREATIVE PROGRAMMING 


VeScreen 

149 

115 

Vitamin C 

225 

165 

for OV2 

345 

279 

Referenri; Database 

50 

CALL 

DIGITALK 



Sma!|ralk/V 

If XI 

85 

Communications 

50 

45 

EGAA/CA Color Extension 

50 

45 

Goodies #T, ff2 or #3 

50 

45 

SmalilallVV 286 

200 

169 

Smalltalk/VPM 

500 

425 

FAIRCOM 



t-lree 

.395 

315 

w/ r-tree 

650 

519 

w/ r4/ee, d-tree 

CALL 

CALL 

d-lree 

495 

395 

r4ree 

295 

239 

CSS 



G5S*CCM Metafile Interpreter 

295 

249 

GSS*CKS Kemal System 

595 

519 

GSS*GPS Plottine iyitem 

395 

329 

GSS Graphics Devel. Toolkit 

595 

519 

XVT 

595 

S09 

ICC 



VMBSh 

245 

199 

VW386 Multi-User 

895 

759 

VM/38G NetPak 

150 

119 

MEDIA CYBERNETICS 



Dr. HAIO 111 

140 

101 

HALO 

395 

279 

HALO DPE 

195 

139 

HALO tor MS Developers 

S95 

399 

HALO for OS/2 

695 

489 

HALO Programmer's Workbook 

80 

S9 

HALO Window Toolkit 

595 

419 

MICROSOFT 



MS BASlC/b O 

295 

199 

MSC 

450 

299 

MS COBOL 

900 

629 

MS FORTRAN 

450 

299 

MS Macro Assembler 

ISO 

99 

MS OS/1 Present. Mgr. Toolkit 

500 

349 

MS OS/2 Sofiset 

ISO 

105 

MS Pascal 

300 

209 

MS PTc^rammer's Library 

395 

275 

MS QuickBASIC 43 

99 

69 

MS QuickC 2.0 

99 

69 

MS QuickC w/ QuickA^mbler 

199 

135 

MS QuickC w/ Atouse 

199 

99 

MS QuickPASCAL 

99 

69 

MS Windows 

99 

69 

MS Wlndow5/3fl6 

195 

135 

MS Windows Development Kit 

500 

349 

MORTICE KERN SYSTEMS 


MKS Awk 

99 

85 

MKS Lex and Yacc 

249 

209 

MKS Make 

149 

129 

MKS Make fcxOyi 

249 

209 

MKS Programming Platform 

665 

565 

MKSftCS 

189 

159 

MKS RCS for 05/2 

395 

335 

MKS SofiQuad PublishirrgSys. 

495 

469 

MKS Software Mgml. Team 

299 

255 

MKS Toolkit V3.1 

249 

209 

MKS Toolkit V3.1 for OS/2 

495 

419 

MKS Vi 

149 

129 

MKS Vi for OS/2 

199 

169 



U5T OURS 

NOVELL 



Btrieve Single-User 

245 

185 

Btrieve for DOS 3.1 Networks 

595 

449 

Btrieve for 05/2 

595 

449 

Btrieve fur XENIX 

595 

449 

C Network Compiler 

695 

S25 

C Network Compiler/ 386 

995 

799 

NetWare C interface for DOS 

29,5 

239 

NetWare MHS 

100 

79 

NetWare MHS Inlcfface Guide 

145 

T29 

NetWare RPC 

CALL 

CALL 

NetWare RPC for OS/2 

CALL 

CAU 

NetWare SQL 

595 

449 

NetWare System Calls for DOS 

195 

1S9 

XQt 

795 

599 

Xtrieve PLUS 

595 

459 

Xtrteve PLUS for OS/2 

595 

459 

PERISCOPE 



80286 Flex Cable Kit 

200 

179 

80386 Flex Cable Kit 

400 

359 

Periscope f/OK 

54S 

459 

Periscope VS 12K 

795 

675 

Periscope B 

17S 

129 

PeriStopJe ll-x 

145 

109 

Periscope llt/IO MHz 

U95 

1179 

Periscojae 111 PLUS/OK 

1745 

1479 

P^sropc III PLUS/51 2 K 

1895 

1595 

Periscope IV/16 MHz 

1995 

16S9 

Periscope lV /20 MHa 

2295 

1945 

Periscope IV/25 MHz 

2595 

2195 

POLYIRON 



C Beautifier 

99 

89 

Personal PVC5 

149 

125 

Pfmisb 

395 

335 

Pfix Plus 

395 

335 

Pltnka 6 plu 5 

495 

419 

PolyAWK 

99 

85 

PolyDoc 

199 

169 

PolyLibrarfan 

99 

85 

PolyMake 

149 

125 

PolyXRef 

99 

85 

Professional FVC5 

395 

3.35 

SOLUTION SYSTEMS 



Brief 3.0 

199 CAU 

w/dBR3EF 

275 

CALI 

C-Woithy 

195 

CAU 

w/forms 

295 

CAU 

w/ forms and source 

495 

CALL 

dBRlEF 

95 

CALL 

WHITEWATER GROUP 



Actor 

495 

429 

Language Extensions 1 

99 

85 

Whitewater Resource Toolkit 

195 

169 

WinTrieve 

395 

339 

ZORTECH 



Zoitech B-Tree Tools 

80 

72 

Zoitech C 

90 

79 

ZoriGch C Debugger 

90 

79 

Zoriech Pro Screen Tcxils 

70 

63 

Zortech C Video Course 

300 

269 

Zoriech C Wtrxfows 

70 

63 

Zortech C++ 

200 

165 

Developer's Edition 

450 

38S 

Zortech C++ Debugger 

150 

129 

Zortech C++ Tools 

150 

129 

Zortech C++ Video Course 

CALL 

CALL 


PROGRAMMER’S POLICIES 

Phone Orders 

Hours 9 AM-7 PM EST- We accept 
MasterCard, Visa, American Esprcss. 
Include $4.00 per item for shipping 
and handling, Alt shipments by UPS 
ground. Rush service avail able. 

Mait Orders 

PQs by mail or fax are welcome. 
Please rnelude phone number. 

International Service 
Phone number required with order. 
Call or fax for additional 
information. 

Dealers and Corporate Accounts 

Call for information. 

Unbeatable Prices 
We1t match nationally advertised 
prices, (Subject to same terms and 
conditions.} 

Return Policy 

30-day nci*hassle return policy. Some 
manufacturer's products cannot be 
returned once disk seals are broken. 


VEJtMONT VIEWS 

C-PROG RAMMERS I Would you like to double your productivity and 
have FUN too? Vermont Creative Software has the answer with the 
imminent release of the Vermont Views Designer, 



This intuitive, menu-driven, screen 
generator taps the resources of the 
&50 pre-coaed functions of the Vermont 
Views libraries. Customize data entry 
forms, choice lists, menus and more. 
Our customers around the world will be 
celebrating this powerful enhancement 
of Vermont Views. See our ad In this 
magazine for more details on how you 
can join the party...and try out Vermont 
Views with tne Designer, 

Lhf: $195 Our5: CALL 


TURBO C 2.0 

The Turbo C 2.0 optimizing C compiler with the integrated source-level 
debugger includes the compiler, editor, and debugger. 

Turbo C 2.0 is fast, compiling your code Efetter 
than 16,(X>0 lines per minutel The integrated 
source-level debugger allows you to set 
multiple breakpoints, watch variables, and 
evaluate expressions-all from inside your 
integrated Turbo C environment. 

Other feafures Include: support for six 
rTremory models; in-line assembler; automatic 
dependency checking; and more than 430 
optimized functions. The editor even has 
EMS support. 

List: $150 Ours: $99 



BRIEF 3.0 - The Progr€tmmer‘s Edition 
Edit Your Programs More Productively Tiian Ever Before 


The program that set 
the standard for 
program editing 
continues to lead the 
industry. Introducing 
BRIEF 3-0- New 
features include: 
multiple keystroke 
macros, a new C-tifce 
macro language, a 
source levef macro 
language debugger for 
bom macro languages, 
"smart” indenting and 
template editing for 



J^ution 

<3ystGfns 


Ada, C, Cobol, BASIC, 
FORTRAN, ModuEa-2, 
and Pascal, and the 
ability to “zoom" your 
current window to full 
screen size. You'll also 
get the features over 
50,000 current users 
have come to rely on: 
unlimited windows, 
Undo, compile within 
BRIEF, a LiSP-like macro 
language, and much 
more. 

List: $199 Ours: CALL 


VM/386 & NetPak Bundle 

VM/306, the PC Magazine Technical Excellence Award-Winning multi¬ 
tasking product, does wortders on networks working with the new 
companion product, 386 NetPak. Each one of the multiple £X3S sessions 
running under VM/386 can access network files and 
printers through the NetPak software. And you can run 
larger memory-hungry applications such as CAD or 
Desktop software without ever leaving the network. If 
you're running on a network, this burble is a must! 

VM/386 List: $249 Ours: $199 ^ 

NefPait List: $150 Ours: $119 together: $269 



Intemarional: 201-389-9228 
C u stomer Se rvice: 201*389*895 0 


Fax: 201-389-9227 


Call or Write for Lat^ Free Catalog! 



1 - 800 - 445-7899 


rwiMe. 
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Touchbase Systems ' WorldPort 24Q0/MNP pocket modem 
features MNP-5 data con^ression and error correction. 


An MNP Modem 
for Your Pocket 

T he latest in a line of 
I pocket-size communica¬ 
tions packages, Touchbase 
Systems* WorldPort 
2400/MNP incorporates 
Microcom MNP Class 5 error 
correction and data compres¬ 
sion in a package that measures 
1 by 5 by 3 inches and weighs 
just 1% ounces. The company 
claims it*s the smallest (and 
lightest) MNP-5 modem 
available. 

As with all Touchbase 
modems, you can power the 
WorldPort 2400/MNP off a 
single standard 9-volt battery 
or-from an (included) AC 
adapter. It’s backward-com¬ 
patible with both Bell and 
CCITT transmission protocols, 
and it has an internal speaker 
as well as LED indicators for 
high speed, MNP, carrier 
detect, and low battery. 

The WorldPort 2400/MNP 
is fully compatible with the in¬ 
dustry-standard AT com¬ 
mand set. And MNP 5 gives 
you an effective throughput 
of 4800 bps when you use it to 
transfer text files. It*s also 
compatible with systems that 
use MNP Class 4 {without 
data compression). 

The modem includes its 
own internal nonvolatile 
RAM, in which you can store 
two different configuration 
profiles and four telephone 
numbers. For on-the-road use 
where you can*t plug the 
modem into a phone jack, the 
company offers an acoustic 
coupler that works with tele¬ 
phone handsets and lets you 
use the WorldPort 2400/MNP 
at 300 and 1200 bps. 

Price: $499; acoustic cou¬ 
pler, $79.95* 

Contact: Touchbase Sys¬ 
tems , Inc .,160 Laurel Ave., 
Northport, NY 11768, (516) 
261-0423, 

Inquiry 1154. 


Put a Token Ring 
in Your Pocket 

X ircom, the folks who 
brought you the first 
pocket-size stand-alone 
Ethernet adapter, now has a 
version for those who need to 
connect a laptop or desktop 
computer to an IBM Token 
Ring network. 

Dubbed the Pocket Token 
Ring Adapter, the compact 
unit (about the size of a ga¬ 
rage door opener) offers you 
the same plug-in-and-play ca¬ 
pabilities of Xircom’s Ethernet 
adapter. Like its brother, the 
PTRA plugs into any standard 
parallel printer port. Then 
you plug in the 4-Mbps Token 
Ring cabling to the other 
end. It*s particularly useful for 


networking if you have a 
computer without any open ex¬ 
pansion slots. 

According to Xircom, the 
PTRA is possible because of 
Texas Instruments* new two- 
chip Token Ring chip set, 
which just became available. 
The entire PTRA consists of 
just five chips, including 
128K bytes of on-board RAM. 
The company says it is work¬ 
ing on a 16-Mbps Token Ring 
model and will have a 
pocket-size ARCnet adapter 
available in early 1990, 

Other versions for all major 
LANs will follow shortly 
thereafter. 

Price: $795. 

Contact: Xircom, Inc., 

22231 Mulholland Hwy., Suite 
114, Woodland Hills, CA 
91364, (818) 884-8755. 
Inquiry 1153. 


Toshiba Makes 
the Mac Connection 

T oshiba’s new software 
program, MacMatrix, lets 
you hook your Mac to one of 
Toshiba’s 24-pin letter-quality 
printers. 

The software comes with a 
cable that connects a Toshiba 
SL or SX printer to a Mac 
Plus, SE, SE/30, IL Ilex, or 
llx with System 6 or higher* 
The driver supports four 
scalable outline fonts (Courier, 
Helvetica, Symbol, and 
Times Roman) in point sizes 
from 6 to 127, according to 
Toshiba. The driver also sup¬ 
ports bit-map fonts and ob- 
je ct-oriented graph ics. 

Price: $49. 

Contact: Toshiba America 
Information Systems, Inc., 
Computer Systems Division, 
9740 Irvine Blvd., Irvine, CA 
92718,(714)583-3000. 
Inquiry 1155. 


Create a Menu 

L AN system administra¬ 
tors can use Perfect Menu 
2*0 to create a different menu 
for each person on the network. 

International Computer 
Group says that the LAN ver¬ 
sion works with all NetBIOS- 
compatible LAN operating sys¬ 
tems. The basic single-user 
program lets you customize 
your menu* 

Perfect Menu runs in non¬ 
resident mode, even when you 
use E-mail, usage tracking, 
and screen blinking. 

Price: Basic single-user, 
$49.95; business single-user, 
$84.95; five-user, $195*95; 
unlimited users on one file 
server, $349.95* 

Contact: IntemationaJ Com¬ 
puter Group, Inc., 18520 Of¬ 
fice Park Dr., Gaithersburg, 
MD 20879, (301) 670-7007* 
Inquiry 1157, 

contitmed 


SAA Interface, Security, and WAN 
Upgrade This Network Scheduler 


N etwork Scheduler pro¬ 
vides group calendars 
and appointment books for 
network users. The upgraded 
versbn. Network Scheduler 
n, provides a Systems Appli- 
cadon Architecturc-compati- 
ble common user interface 
and improved security* 

Other enhancements in¬ 
clude support for cc:Mail, 


3Com*s 3+Mail, Da Vinci 
Systems’ MHS Link, and 
Consumer Software’s Net¬ 
work Courier. 

Price: Eight-user, $495; 25- 
user, $695; 50'User, $995. 
Contact: Powercore, Inc., 
One Diversatech Dr., P.O. 
Box 756, Manteno, IL 
60950,(815)468-3737* 
Inquiry 1158. 
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Go Ahead, Make Your Day 


Move Data Between 
Applications 

Share data easily between applications 
like SCO’" Lyrix,* SCO Professiotiai * 
and SCO Integra" wiiii the electronic 
Clipboard! 


Link Dp Your Business 
with Electronic Mail 

Exchange messages and files— 
even spreadsheets and graphics— 
across the office or around the world! 


Locate Business 
Contacts Instantly 

Store, update, find, and son addr^ses 
and phone numbers quickly and easily 
with the time-saving Directoryf 


Point-and-Pick 
Your Applications 

Choose the application you need 
quickly and easily directly from the 
menu — or even another application! 


Run Several 
Tasks at Once 

Switch instantly between active tasks 
in different applications at the touch 
of a keystroke! 



Calculate Within 
Any Application 

Put the four-fiinetion, “ninning-tape‘“ 
capabilities of an online Calculator 
ri^t at your fingertips! 


Add Only the Applications 
You Need 

Build your own customized solution 
by adding individual applications 
as yon n^ them! 


Print While 
You Work 

Move on to your next job while your 
last one Is priming out—on a local 
or shared workgroup printer! 


Talk Across 
The Office 

Instantly converse with other system 
users, screen io-screen, with the handy 
intercom! 


Schedule Meetings 
and Resources 

Check others’ Calendars online for 
available limes—then schedule and 
notify them automatically! 


With The SCO Portfolio 

WORKGROUP Solution 


Get the competiti\^ edge with the SCO Portfolio"* integrated workgroup 
solution! 

Teamed with the world’s most popular UNIX* System—SCO System V 
—the SCO Portfolio solution turns the 3B6’" personal computer into 
a workgroup powerhouse. 

What’s more, users only need to know how to use their familiar applica¬ 
tions in order to put the amazing power of the UNIX System to work 
immediately. 

With SCO Portfolio and the SCO Portfolio family of business applications, 
everyone in a workgroup can perform virtually any business task— 
from writing reports and creating financial analyses, to scheduling 
meetings and exchanging messages—far more productively than ever. 
And all using a single, standard—and cost-effective—386-based PC! 


Get started today with SCO Portfolio Suite, and gel all the advantages 
of a My-integrated office system without compramising tlie ffinctional- 
ity of full-featured business applications—ail in one economical 
package. 

SCO Portfolio Suite integrates the powerful SCO Lyrix word processing 
system, the SCO Professional 1-2-3* workalike, and the SCO Integra 
industry-standard-SQL database, with SCO Portfolio’s convenient desk¬ 
top took, customizable menu system, and electronic clipboard—and 
lets you add any other software of your choice under its easy-to-use 
menu, as well 

Contact your SCO authorized supplier or call (800) 626-UNIX (626- 
8649) for more information about SCO Portfolio and SCO Portfolio 
Suite and find out how easy it is to make your day—today! 



THE SANTA CRUZ OPEiR.\TlON 


(800) 626-UNIX (626 8649) 

(408) 425-7222 

FAX; (408) 458-4227 

E-MAIL...! uiinet! sco! info info @sco.(X>iH 


SC0,tbeSa3 kigQ.iiiidS0aFtiil^yn1ndHivt$,indL}Axtn4S0()l^gfcssltfiAl hc IfllSjn l-3-Jit 

$ icginml tnJrauui of Lab PmkfinMtt C«pnuiHL *19^ the Smtt Cfih OpoiiliKi. tuc All RliItB ^ 
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SmarTerm 240 version 3.0 is a multiuser DEC VT240 graphics 
terminal emulation package with LK250 keyboard support. 


Persoft Emulates 
VT320 and VT240 

P ersoft introduced a net¬ 
work version of its VT320 
text terminal emulation soft¬ 
ware package and version 3.0 
of its multiuser DEC VT240 
graphics terminal emulator. 
Both are also available in 
single-user versions. 

Both SmarTerm 240 and 
SmarTerm 320 provide cus¬ 
tomized setups for each user 
and support any number of 
nodes. Supported networks 
include NovelI’s NetWare, 
Banyan’s VINES, DECnet 
DOS, IBM LANACS, and 
3Coni/Bridge’s Etherterm. 

SmarTerm 320’s emula¬ 
tion capabilities include down¬ 
loadable characters used by 
WordPerfect and Oracle, 132- 
column text screens, and 
double-high, double-wide char¬ 
acters. A background mode 
allows file transfer and other 
emulator tasks while you’re 
in your DOS application. To 
help you use DEC keyboard 
functions on a standard IBM 


PC keyboard, Persoft in¬ 
cluded a WordPerfect driver 
and extended keyboard 
remapping. 

SmarTerm 240 also in¬ 
cludes LK250 keyboard sup¬ 
port with this latest update. It 
now supports all of DEC’s 
VT240 ReGIS graphics com¬ 
mand language, permitting a 
full-screen display of a 


ReGIS image on VGA, EGA, 
CGA, and Hercules systems. 

Both SmarTerm 240 and 
320 are priced in single-user 
versions, five-user versions, 
and add-on kits for five addi¬ 
tional users. 

Price: 320 individual pack¬ 
age, $195; 320 file server, 
$895; file server add-on kit, 
$550; 240 individual package, 


$345; 240 file server, $1495; 
240 file server add-on kit, 
$995; trade-up from Smar- 
Term 220 to 320, $97.50. 
Contact: Persoft, Inc., UW 
Research Park, 465 Science 
Dr, Madison, WI53711, 
(608) 273-6000. 

Inquiry 1161, 


Modem Mail, 

Phone Home 

M odem Mail is a Net¬ 
BIOS-compatible pro¬ 
gram that lets you use a 
modem to send and receive 
E-mail messages to and from 
your office LAN. 

Modem Mail 2.0 supports 
9600-bps (V.32) lelecommuni- 
cations—twice the speed of 
version 1.0. 

On your remote IBM PC, 
you’ll need at least 256K bytes 
of RAM, a modem, and a 
copy of Modem Mail 2.0. On 
your dedicated LAN work¬ 
station that receives calls from 
Modem Mail 2.0, you need a 
modem, the base E-mail pack¬ 
age called Network Courier 
2,0, and Modem Mail Post- 
office software (which pro¬ 
vides administrative functions 
like a regular post office). 

One other enhancement to 
Modem Mail 2.0 is the func¬ 
tion of Mailbag Maintenance, 
the company says. This lets 
you pick from all your mes¬ 
sages the ones you want to 
download. Early next year, 
the company promises to have 
a package for Macintosh 
connectivity. 

Price: Network Courier 2.0 
and Modem Mail Postoffice, 
$1490; Modem Mail 2.0 re- 
mote-user software for each 
node, $95. 

Contact: Consumers Soft¬ 
ware, Inc., 603-73 Water St., 
Vancouver, BC, Canada V6B 
lAl, (604) 688-4548. 

Inquiry 1164, 

continued 


Manipulate Database Files Locally, Remotely, or 
Both Simultaneously 


R ecord-Trans 2.0 allows 
you to use a modem ora 
LAN for querying remote 
dBASE III orlV, Clipper, or 
FoxBASE database files and 
transferring specific data¬ 
base records rather than en¬ 
tire files. 

Once you receive the 
files, at rates between 300 
and 9600 bps, the modem 
version of Record-Trans lets 
you send back multiple 
records to multiple database 
files, thus upgrading several 
database files at once. Up¬ 
grading multiple databases 
in multiple remote locations 
is the next step. And with an 
Advanced Editor function, 
you can create batch files 
that both connect and update 


many remote database loca¬ 
tions without database oper¬ 
ator intervention. Record- 
Trans also has log files to 
time-stamp activities in the 
systems. 

The LAN version is com¬ 
patible with any NetBIOS- 
compatible network like No¬ 
vell’s NetWare, Banyan’s 
VINES, 3Com’s 3+ and 
3+Open, and so on. It has a 
Record Locking function 
that allows multiple users on 
your LAN simultaneous ac¬ 
cess to the database. 

Both the modem- and 
LAN-compatible versions of 
Record-Trans allow simul¬ 
taneous access to remote and 
local databases, with simul¬ 
taneous display in two win¬ 


dows on your screen. With 
this function, you can add, 
delete, and update records to 
the two databases at the same 
lime. You can also cut and 
paste between the two data¬ 
bases. 

Specific system require¬ 
ments include MS-DOS 3.0 
or higher, 512K bytes of 
RAM, a serial adapter, and a 
Hayes-compatible modem or 
Net BIOS-compatible net¬ 
work operating system. 
Price: Modem version, $250 
per node; LAN, $499. 
Contact: Database & Data- 
com Solutions, 3611 South 
Harbor, Suite 215, Santa 
Ana, CA 92704, (714) 434- 
1000. 

Inquiry 1156. 
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from any of their favorite desktop applications. 

You can query and update data on ORACLE, DB2r and 
SQL/DS databases, using the applications you know and 
love, including Lotus l-2-3f 4th Dimensionr Hypercardr 
Supercard™and dBASE 111 Plus™ Your entire company’s 
wealth of information is available immediately. Without 
leaving the desktop. 



Now you can use old Mends 
to access coiporate dak 

There you are cranking along at your desktop.Then it 
happens. You realize you need some critical data that resides 
on your mini or mainframe. 

And you can’t get it. 

Unless of course you’ve got ORACLE? For the first time 
PC and Macintosh users can access ORACLE and IBM* data 



With ORACLE for Macintosh? you’ll be using one of 
the most popular user interfaces to access corporate data. 
Give it a test run with the Developer’s Version for just $199. 






Or, you can have the Full Networking Version for only $999. 
If you’re a 4th Dimension user, consider ORACLE for 4th 
Dimension, the easiest way to access corporate data through 
familiar 4D applications. Also $199. 

On the PC use ORACLE for 1-2-3 for complete access 
to SQL databases from your familiar 1-2-3 interface. Or 
ORACLE dBXL, for giving dBASE III Plus applications access 
to your ORACLE and DB2 databases. Each for only $299. 

Give one of these ORACLE products a try for 30 days. 
Then, if you’re not happy, send them back and we’ll send you 
a full refund. 


ORACLe 

Compatibility* Portability• Connectability 


Copyright 01968 OrackCk)rporation. ORACLE B a registmdtraiikfraik of OrackCorpontkm.Maditosh is a re0steredtrad^^ 

ware CorporatkxL 4th Difliensian is a registered tndanartofAdu8Corp(NratiaiLDB2 is a refiistefedtradenutfk of internationaJ Bustoess Machines.OS/2B a registered trademark of Microsaft 

Development (>)rporatiofL dBASE is a registered trademark of Ashlcm^ Corporation. dBJl is a registered tradenwk of Grade CorporatioD. Prices valid in ULS. ‘ . 

MadntoshSEorri with 2MB of RAM. ^B hard disk space, 11^ disk drive, and HyperCard 1.2. ' . 

required for pro^mminfi usage )j^emStacb and Example Stacks. ORACLE for Macintosh,$999:Fun net 
protocol arxl drivers and Rinetic’s’iCPsrt'1X7/tP protocol haixller and gatew^ software for the other machine. 


ORACLE for Macintosh.: 


A^ Corporation. Stipercard is a trademark of Silicon Beach Soft- 
ft Corporabon. Lotus and 1-2-3 are remstered tradernarks of Lotus 
sh. $1%: Stand-alone version licensed nr developers only. Requires 
>*C (Macintosh Programmer's Workshop 
ipport, Alisa System’s TSSnel DECnet 
B of RAM plus eilhff IMB of extended 

memory or the reassignment of 1MB of expanded memory. Connectivity option with networking software starts at $395. dfiXL requires a XT PC with 640KB of RAM. Acceding remote systems requires database and networking software on host computer. 


If you’re not ready to give up on your old friends, there’s 
only one thing to do. Call 1-800-ORACLE1, ext. 4963 now. And 
enter the computing environment of the 90s. 
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Howto plan your LAN. 

You’ll need a pencil. 

That’s to write down the telephone number on the 
next page. Which will connect you with Samsung’s 
nationwide network of resellers. And the 
Samsung/Novell co-labeled line of LAN 
hardware. 

It's pretty much that simple. 

With one call you can plan on substantial 
savings over the big name computers which, 
despite high clock rates and even higher price 
tags, are not really optimized for networking. 

And you can plan on 100 percent compati¬ 
bility with all versions of Novell’s NetWaref 
because Samsung’s LAN hardware was co¬ 
designed by Novell. Just like the label says. 

THE TESTING WENT IN 
BEFORE THE LABEL WENT ON. 

Both the Samsung 386AE and PCterminal/286 have 


been tested exhaustively and certified by Novell for 
compatibility with all popular networking hardware 
and software products. As a matter of fact, Samsung’s 
386AE is one of 3 fileservers certified by 
Novell to run NetWare 386. 

For example, engineers at Novell success¬ 
fully tested the PCterminal/286 LAN Work¬ 
station in no less than 1200 different network 
configurations... with 50 units running at 
once! That’s a claim no other computer manu¬ 
facturer can make. 

NETWORKING VS. NOTWORKING. 

What’s the difference? Take our 386AE 
Fileserver, for instance. It includes Novellls 
Advanced BIOS, and eight expansion slots to accom¬ 
modate multiple network interface cards and disk 
controllers. Plus an oversize power supply capable 
of driving dual high capacity hard disks and tape 



113ia Samsung kiunnaHim SyMenw Anwrka, Ihf ■ Ptsirtl mrt air rrgisip.iTtr IrSdcnwirks ol PC is a r^stncd ttadcanark rf liflcmotinral Rusinesa Mifcttittica Corponiion. 
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PCterminal/286 

SAMSUMG/NOVEU. 

PCterminal/286 
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lack-up system. Plus 4 megabytes of main memory 
ar disk caching. 

Then there’s Samsung’s PCterminal/286 Diskless 
Vorkstation which includes a built-in Ethernet inter- 
ice and Novell’s Remote Boot EPROM. 

And not to be overlooked is our 16-bit SE2100 
ithernet Interface Card which provides up to twice 
le throughput for the price of an 8-bit card. 

THE SAMSUNG COMMITMENT. 

With 4 million monitors and half a million PC 
nd LAN computers sold in 1988 alone, it’s clear that 
amsung has made a serious commitment to the 
larketpiace. In all, Samsung offers no less than 
ine different PC and LAN computer models with 
sventeen color and monochrome monitors! And, 
s a 31-bilIlon dollar international corporation, 
amsung has the resources to provide continuous 
jpport for its customers. 


So why not begin your network planning today? 
For the name of die Amsung reseller nearest you, 
write; 

SAMSUNG, 3655 North First Street, San Jose, 

CA 95134, or call 1-S00-446-0262. 



^ SAMSUNG 
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WHAT’S NEW 


Smalttalks for PM 
and the Mac 

D igital k's latest Small- 
talks offer object-ori¬ 
ented programming for Pre¬ 
sentation Manager and the 
Macintosh environments. 
Smalltalk/V PM, a develop¬ 
ment environment for OS/2’s 
Presentation Manager, gives 
you access to PM features 
such as Dynamic Data Ex¬ 
change and Dynamic Link 
Libraries, letting you integrate 
and pass data to and from 
PM tools and other applica¬ 
tions. Most important, it 
compiles incrementally to ma¬ 
chine code, giving immedi¬ 
ate notice of an error. 

Sraalltalk/V Mac 1.1, an 
upgrade of the Mac version, 
now includes a facility for re¬ 
turning an error code immedi¬ 
ately upon failure, the com¬ 
pany reports. 

Digitalk claims that the 
SmalltalkA/^ PM source code 
is compatible with Small¬ 
talk/V 286 and Smalltalk/V 
Mac, allowing you to port 
applications among the differ¬ 
ent environments. No run¬ 
time fees are associated with 
the PM version. 

Smalltalk/V PM requires 
an IBM PC AT with OS/2 LI 
or higher and PM. Small¬ 
talk/V Mac 1.1 runs on the 
Mac Plus. 

Price: $499,95; Smalltalk/V 
Mac, $199.95. 

Contact: Digitalk, Inc,, 

9841 Airport Blvd., Los 
Angeles, CA 90045, (213) 
645-1082. 

Inquiry 1116. 


Expert System 
Under X Window 

K nowledge Craft, the ad¬ 
vanced toolkit for budd¬ 
ing expert systems, will soon 
be available running under the 
X Window System on the Mi¬ 
cro VAX II and Sun worksta¬ 
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Smalltaik/V PM in action, debugging a drawing and stopping 
after each iteration. 


tions, Carnegie Group re¬ 
ports, In addition to running 
under X Window and provid¬ 
ing greater portability to other 
systems running under X 
Window, Knowledge Craft 4.0 
will feature an object-ori¬ 
ented programming system and 
an Interface Development 
System (IDS) with graphics 
and a rapid prototyping capa¬ 
bility. Carnegie Group reports 
that the new prototyping 
methodology is a shell that 
will let you develop knowl¬ 
edge-based applications more 
rapidly, 

Carnegie Group also re¬ 
leased KC Prime, which uses 
the basic components of 
Knowledge Craft (including 
the Carnegie Representation 
Language, its Workcenter, and 
the IDS) for developing 
knowledge systems that require 
representation support but 
may not need rules. 

To develop a system with 
Knowledge Craft, you 11 need 
about 16 megabytes. 

Price: Knowledge Craft, be¬ 
tween $16,000 and $36,000; 
KC Prime, between $8000 
and $i6,Q(X). 

Contact: Carnegie Group, 

Inc., Five PPG Place, Pitts¬ 
burgh, PA 15222, (412) 
642-6900. 

Inquiry 1119. 


Lattice Adds 
Numerous Features 
to Its C Compiler 

B esides full compatibility 
with both DOS and OS/2, 
Lattice says version 6.0 of 
Lattice C includes major com¬ 
piler enhancements, a global 
optimizer, new programming 
utilities, and many new li¬ 
brary functions. 

The company claims that 
the package has better perfor¬ 
mance than Microsoft’s or 
Borland’s versions of C. The 
better performance, accord¬ 
ing to Lattice, results from the 
new global optimizer, auto¬ 
matic register variable support, 
in-line function support, and 
optimized libraries. 

The Lattice C development 
system now includes LASM, a 
new macro assembler that has 
special support for 80386- 
based systems. Lattice says 
it’s compatible with MASM 
(Microsoft ’ s as se mbler). 
LASM’s output is compatible 
with CodePRobe (included 
with 6.0), so that you can de¬ 
bug assembly language pro¬ 
grams at the source level. 

New utilities with version 
6.0 include an overlay linker, a 
Make utility, an LBIND util¬ 
ity, and several "Unix-like” 
tools, including EXTRACT, 
BUILD, DIFF, GREP, 


SPLAT, TOUCH, and WC 
(word count). The company 
says that Lattice C works 
with DOS 2.0 and higher and 
all versions of OS/2. 

Price: $250; upgrade from 
version 3.4, $90; upgrade from 
version 3.3 or lower, $115. 
Contact: Lattice, Inc., 2500 
South Highland Ave,, Lom¬ 
bard, IL 60148, (800)444- 
4309 or (708) 916-1600. 
Inquiry 1117. 


Create Expert 
Systems Under 
Windows 

K appa is a programming 
environment that you can 
use to simulate real-world sit¬ 
uations and solve problems in 
business, science, and engi¬ 
neering. The program provides 
a library of more than 200 
functions and supports three 
techniques for knowledge 
representation and reasoning: 
functional programming, ob¬ 
ject-oriented programming 
(OOP), and rule-based 
reasoning. 

All three techniques are 
integrated in Kappa. You can 
invoke rules through func¬ 
tions and methods, send mes¬ 
sages from functions and 
rules, and so on. The program 
also includes a set of tools for 
representing problems in 
graphical terms. 

Kappa runs under Micro¬ 
soft Windows on the IBM PC 
AT or higher with 640K 
bytes of RAM and a hand disk 
drive. By the time you read 
this, a Macintosh version 
should be available, A Unix 
version running under X Win¬ 
dow should be available in 
the first quarter of 1990. 

Price: $3500. 

Contact: MegaKnowledge* 
Inc., One Kendall Sq., Build¬ 
ing 600, Second Floor, Cam¬ 
bridge, MA 02139, (617) 
494-9234. 

Inquiry 1118, 

continued 
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QNX. 

The OS for over-achievers' 


QNX programmers have a decided advantage. 

You see, people who use QNX enjoy the 
freedom that comes only with a flexible, 
modular OS. They appreciate the elegance 
of a message-passing architecture. And 
they marvel at the fact that QNX runs so 
lean—under 150K—yet out-performs any 
other PC operating system. 

QNX users never worry about whether their 
triplications will make it at runtime, because 
they know QNX has proven itself again and 
^ain in the real world. 

It's no wonder that QNX users have achieved 
so much since the product was first released 
for the PC in 1982: over 80,000 sterns 
installed in 47 countries world-wide, in all 
kinds of apphcations—from making cars 
to selling books to handling online credit 
card transactions. 

One reviewer dubbed QNX “The multi- 
everything OS.” Now, you might expect 


multiuser and multitasking, but realtime? 
And integrated networking?true 
distributed processing? Best of all, these 
terms take on a new meaning with QNX. 

Multiuser, for instauce, means up to 32 
terminals per micro. Multitasking 
cashes out as 150 tasks per machine. 
Realtime means not only prioritsKiriven, 
preemptive task scheduling, but also speed: 
at 6,8% task switches/sec on a 16mhz 286, 
QNX is at least a full order of m^nitude 
^ter than a typical UNIX system. Inte¬ 
grated networking means you won’t 
need yet another layer of software to set up 
a UN, and you can use any mix of 
Intel-based micros—from vintage ’81 PCs 
to PS/2s. 

Distributed processing with QNX 
sounds too good to be true. But it is: Any 
task can iKcess any resource—proems, 
files, devices, even CPUs—without going 
throng the bottleneck of a central file server. 


Besides the satisfoction that QNX developers 
get from using a fost, powerful, and flexible 
OS, did we mention dM they also enjoy 
free technical support? 

If you’re wondering why you don't already 
know all about this great os, you could try 
asking the over-achievers who are smugly 
guardng the secret of their success. 

Better yet, give us a call. We’ll tell you 
everything you need to Imow to become an 
over-achiever yourself. 


For more information or a free demo disk, 
please phone (613) 591-0931. 



QuajTtuiti Software Systems Ltd,, 175 Terrence Matthews Crescent, Kanata, Ontario, Canada K.2M 1W8 

QNX is a registered trademaik &f (^intum Softsvare Systems Lid. UNIX ii a registered trademark of ATiT. ia I registered trademark of 

infsrnaiiooa] Bminoi Michinei Ctvrpcrtiiofl, © 1989 Quinium Software Sywems isd. Circle 275 Oft Reader Service Card 






WHAT’S NEW 


Utility Eases 
Database Access for 
WordPerfect Users 

U nless you have an inte¬ 
grated word processor 
and database product like 
Symphony or Microsoft 
Works, the everyday busi¬ 
ness task of linking data from 
databases to word processor- 
generated documents can get 
complicated. You have to in¬ 
sert the appropriate merge 
codes in your document and 
then extract the correct data 
from the database and dump 
it into a correctly delimited 
ASCII file. 

Perfect Compiement 2.0, a 
WordPerfect accessory, auto- 
mates the database merge 
process between dBASE, Para¬ 
dox, Lotus, R:base, and 
Symphony databases and 
WordPerfect documents. 

When used on an IBM PC with 
the Intel Connection Co-Pro- 
cessor Board installed, the 
program supports fax-meige 
operations. The company has 
also introduced a version that 
works with Oracle databases. 

Perfect Complement pro¬ 
vides a simple menu-driven 
system for defining merge 
fields and selection criteria, 
and for prompting you to 
enter appropriate data values 
in the form letter. The inter¬ 
face allows you to create li¬ 
braries of documents that 
automatically access the speci¬ 
fied database. You can attach 
conditions (such as an overdue 
date or insufficient funds 
value) so that only those 
records satisfying the condi¬ 
tions are merged into the 
document. 

Price: $149.95; Oracle ver¬ 
sion, $295. 

Contact: Perfect Comple¬ 
ment Corp., 4979 Mercantile 
Rd., Baltimore, MD 21236, 
(800) 444-9544 or (301) 
256-2000. 

Inquiry 1101* 
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Data in and out 
of Lotus 1 -2-3 
Without the Hassle 

A program called Round- 
Trip can help you get data 
in and out of Lotus 1-2-3 by 
creating worksheets from 
ASCII- and dBASE-for- 
matted reports and Symphony 
worksheets. The program 
can convert and update multi¬ 
ple worksheets into one 
worksheet and vice versa. Cir¬ 
cle Systems reports. 

With RoundTrip and a 
communications program, you 
can move data from any 
mainframe report file into a 
worksheet, complete with 
working formulas to perform 
what-if forecasting. You set 
up the process just once with a 
few lines of simple code. 

RoundTrip can read a pay¬ 
roll file, insert names and pay 
rates into the model, produce 
sum formulas, and construct 


separate worksheets or a sin¬ 
gle worksheet with subtotals 
for each division. Since you 
don't have to reenter data by 
hand, the program speeds up 
your work, and your data is 
transferred without errors. 

RoundTrip works with co¬ 
lumnar or delimited ASCII and 
supports Novell, DCA, At¬ 
tach mate, Walker Richler 
Quinn, IBM, and Sun file 
transfer programs. It runs on 
the IBM PC with 256K bytes 
of RAM, Symphony, dBASE 
III or higher, and any version 
of 1-2-3 up to release 2.2, Cir¬ 
cle expects lo provide an up¬ 
grade to release 3.0 free of 
charge by the end of the year. 
Price: Standard version (up 
to 12 worksheets at once), 
$195; unlimited spread¬ 
sheets, $695. 

Contact: Circle Systems, 

10001 Fourth Avc,, Suite 
3200, Seattle, WA 98154, 
(800)456^51 or (206) 
682-3783. 

Inquiry 1102. 


Contact Database 
with Branched 
Scripts 

L etterMaster Advanced is 
a customizable contact 
management database with a 
scripting system that lets you 
follow on-screen scripts dur¬ 
ing a sales phone call or pre¬ 
sentation. The scripts are 
branched, allowing you to call 
up a response to any question 
raised during the presentation. 
According to Dilg Publish¬ 
ing, the number of branches 
you can create is limited only 
by available system memory. 

LetterMaster Advanced's 
File Browser is dBASE-com- 
patible and displays records 
in a table layout. Other fea- 
lufes include contact record 
keeping, free-form notes with 
date and time stamping, an 
auto-dialer, a text editor and 
word processor, expense 
tracking, and a library of 
letters. 

LetterMaster Advanced is 
available in a five-user LAN 
pack. The program runs on 
the IBM PC with DOS 3.0 or 
higher, a hard disk drive, and 
640K bytes of RAM. 

Price: $495; LAN version, 
$395. 

Contact: Dilg Publishing, 

P.O. Box 110216, Arlington, 
TX 76007, (800) 338-9181 
or (817) 860-0155. 

Inquiry 1103. 

continued 


Time Management Hits Presentation Manager 


I nstead of conventional 
calendars and to-do lists. 
Active Life, a time manage¬ 
ment system for OS/2 , flows 
all task and appointments 
into daily schedules. Time- 
Star Systems claims that this 
“dynamic system” is a far 
better method of planned se¬ 
quencing and time allocation 
than conventional methods. 
Additional features in¬ 


clude alarms, week-at-a- 
glance pop-up calendars, 
historic archiving, and a 
companion database man¬ 
ager. This graphics and text 
database has auto-sorting, 
tiiie/iext searching, auto¬ 
matic telephone dialing, and 
a built-in word processor. 
You can also place graphics 
or scanned images alongside 
notebook text. 


Active Life is a port of the 
Windows version, known 
previously as TimeStar 2.0, 
and requires an IBM PC AT 
with OS/2 1.1 or higher. 
Price: $199. 

Contact: TimeStar Sys¬ 
tems, 1803 Mission Si., 
Suite 8, Santa Cruz, CA 
95060, (800) 326-4391 or 
(408)983-4930. 

Inquiry 1106* 
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Up to 31 


Ths SysGsinizer Plus ■ eictefnaL 
setf-contained neburarking rriacfjle, spoafen 
tMaikiax. V\forke with aimost everv 
compijtar knawn ta mml Includes special 
provisions fer ploctefs. Ditier external 
models also available. 


Systemizing 

The truly universal LAI\I alternative... 


The S^bemlzer SC - feeiores memory resident 
printer controller pooling, E-Marl and ffle 
transfer. For ell MS-DOS® PC's and compatibles. 


users can... 

• Share Printers 

• Share Plotters 

• Share a Modem 

• Exchange E-MAIL 

• Transfer Datafiles 



Example: 17 microE, of various brands, phis a mainframe, all sbaring printers, data and E-Mail via 
Systamizing. Note how some PCs on a tokerirring LAN are also part of the Sykami^ar LAN. 


Systemizing has become the connectivity standard 
at many of the worid's iargest corporations and 
throughout the federai government. Ten's of thou¬ 
sands are aiready in use. The new Systemizer SC 
is the latest model in Applied Creative Technology's 
line of Systemizing products, and it delivers what 
95% of corporate computer users want from a 
Local Area Network— at far less cost and com¬ 
plexity, and yet with much more versatility. 


Corporate computing managers prefer Systemizing 
over other connectivity methods because it offers; 

• Guaranteed software/hardware compatibility, 

• Ability to mix PC’s, LAN's, mainframes, laptops. 

• Easy owner installation. Low cost cabling. 

• 5 min. user training with no support needed after. 

• Flexibility; readily accomodates growth and changes. 

• Distributed processing for high speed and reliability. 
And with the new SC, everyone can afford to Systemize! 


Call 1-800-433-5373 


CONNEXPERTS 

A Division of Applied Creative Technology Inc, 



to get a FREE demo! 


ht '^360 l?y Applkd tnc:. PUjb find Sytitanwi§ dra tnadfimarkfi of CrBstitfB TechncJogy Inc. n&tfirrt appli 



8333 Douglas Ave., Suite 700 
Dallas, Texas 75SS5 U.5.A. 

(214) 739-4200 
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Qetworking that’s simpler than ever. 

OS/2 can do! 



S(;amless connexitivity. Every biLsint^ss wants to have 
it. And every business will sooner or later experience the 
limitations of trying to aeliieve it with DOS. But OS/2® 
ExU^nded Edition (EE) was designed for connectivity and 
siinplilies it by providing the Hexibility you need today 
and wfjll into the futim?. 

Right now, you may only want to share a laser printer 
on a LAN {'onrigurixl with Token-Ring or PC Network. 
Wtb OS/2 EE and OS/2 LAN Server, its sim[)le. Latei; 
when you need to do morti, like access a mainframe 
computer, a different host or an Ethernet network, you 
can. OS/2 EE has these functions and more built in so 
you don’t nciHl all th(^ extra communications software you 
needed under DOS. 

Best of all, when you combine OS/2 EE with IBM’s 
Mi(.'ro Channel'** and its interrupt-liandlmg capability, pu 
can run several t:ommunications srasions at once—without 
sacrificing reliability, even during peak load conditions. 

Want to make the must of your computer network¬ 
ing? Wth OS/2 EE, the solution is IBM. 
And it’s simpler tlian ever. 

To find out more about OS/2, con¬ 
tact your IBM Authorized Dealer or 
marketing representative. For a dealer 
near you, call I 800 TBM-2468, ext. 197. 
Choose OS/2 now and gel rebates 
memory and software. Also get a 
free upgrade to Version 1.2 until 
December 31,1989. 


irnet IS a irademHrit d XEROX Corporation 

antj OS/? are regigieiBd arn) MicrtJ Ctianrief a liadeniarh of htemationeJ 3usines$ corpomiioii, © 1939 IBM Cofp. 











WHAT^S NEW 


WE COULDN’T HAVE SAID IT BETTER... 

”Microstat-II: Speed and More 

T have used statistical packages since the bad old mainframe days, 
and 1 now own and regularly use six micrixonipuier siai packages, one 
of which is Ecosoft's Microstat-IL [f Microstat-ll had been my first 
stat package, the other five would have belonged to somebody else. 

Do you want speed? Mlcrostai-II is a racehorse that makes the highly 
touted [name deleted] look like a Clydesdale. Do you want coverage? 
Microsiat-II provides you more tools at less than half the competition's 
price. Do you want to see a very nice and easy-to-use menu system? 
If you've used Lotus 1-2-3, you will find Microstat-irs menu bars 
to be very simple. Do you want to see some nice file structures? Take 
a look at Microstat-ll.'' 

Peter Robb 
Review Responses 
InfoWorid, Aug. 28, 1989 

“Installation of Microstat-II is simple... The user interface is clean ... 
a pleasant package to use.. 

PC Magazine 

“ ..one of the fastest IBM-PC statistical packages we have tested... 
using Microstat-II is a breeze." 

tnfoWorld 


When it comes to ease-of-use. accuracy, and speed, Microstat-II is the 
statistics package of choice for IBM-PC s and compatibles. For more infor¬ 
mation, call or write; 



EcosofI Inc. 

641314. CdiegeAve. 
Indianapolis. IN 46220 
Orders: 1-800-952-0472 
Tech, info: L317-255-6476 
FAX' 1-317-251-4604 




X-BANDIT 

Srealf the S40f( DOS harrier and utitiie 
the Advanced features of the LiM 4,0 standard 


msfcrv FHiLOSOpm 

■ The Teletek X-9andil was specincBlIy designed lo 
utlltzB the advanced tedtures pf the ukus/tnlal/ 
MJcrosotl EMS 4.0 Spedficaijcn. Further, iihe 
Bandit's S^merled Memory Mapping capahiElty 
allows the user to exiend DOS size the 

B40K harrier. It is avallabte in both B and W bil 
verslona for use In the IBM XT, AT. and compatible. 

• Segmented Memory Mapping allows Ihe user to 
niF cml Liriused memory segmenie helwean 640K 
and TQ24K. By ''claim Ing " unused podiofis of 
memory In 16K Incrarnents. the user effectively 
Increases TRA sizei LAM or custom software 
mpdulee, for example, can be loaded into these 
high memory areas thus relieulng Ihe lower 04OK at 
TPA lor other appileatioh pregrsms. 

• Spilt Memory Addressing allows the user to fill 
EHii corwentlonal momwy to 640K 

• Extended Memory Addressing is available for Ihe 
PC/AT version. 

• 2 Mb capacity in e single sFol, Up to a Mb/syatem 

• Ferity checking, 

§OfJWAJt£ 

• Easy menu-driven auto Exirrfiguralion software 

• Device driver Irtcludes prirtl spooler and RAM 
drive. 

• Supports mutthasking with the appropriate sheFI- 
resideni software package. 

• &B/10 MHz speed with 0 wait stales, 12 MHz 
speed with 1 wait state. 

WAMMAA/rr 

•One year parts and labor. 

• Now Includes SYSTEM SLEUTH' from DTO, Inc. 
A S149 value. 

4600 Pell Drive 
Sacramemo CA SESsa 
£Siei 32^4600 
f9lSJ 927-7634 
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To cretite this image, StrataVision 3d imported a DXF wire¬ 
frame file. The camoufiage is from a two-dimensional PixeiPaint 
map that was wrapped around the body. 


3-D Graphics 
Program Uses 32- 
Bit Color QuickDraw 

he StrataVision 3d 
graphics program works 
with 32-Bit Color QuickDraw 
and lets you import objects 
from CAD and paint pro¬ 
grams, add objects from an 
image database, and use ren¬ 
dering techniques to create 
images with the quality of a 
photograph. Strata reports. 

One of the program's 
graphics techniques, extru¬ 
sion, lets you push a two- 
dimensional graphic through 
space to create a three- 
dimensional object. The pro¬ 
gram's rendering modes in¬ 
clude wire-frame, flat 
shading, Gouraud shading, 
Phong shading, and ray trac¬ 
ing. You can rotate, stretch, 
and scale three-dimensional 
objects. 

StrataVision 3d imports 
DXF, IGES, Super 3D, Swivel 
3D, PICT, Encapsulated 
PostScript, and MiniCAD + 
files. The program exports 
PICT and TIFF files. Attribute 
and object libraries will also 
be available, says Strata. 

To run StrataVision 3d, 
you need a Mac II, IIx, Ilex, or 
SE/30 with 2 megabytes of 
RAM, a hard disk drive. Sys¬ 
tem 6.0*3, and 32-Bit Color 
QuickDraw. 

Price: $495; attribute library, 
$89; object library, $150. 


Contact: Strata, Inc., 249 
East Tabernacle, Suite 201, St. 
George, UT 84770, (801) 
628-5218. 

Inquiry 1121, 


Built-in Scanner 
Control with PC 
Paintbrush IV Plus 

P C Paintbrush IV Plus, 
ZSoft's newest version of 
its program for creating and 
retouching images, provides 
built-in scanner control, sup¬ 
port for large images, and ex¬ 
panded and extended mem¬ 
ory support. The program 
supports black-and-white, 
gray-scale, and color scanners, 
and if you use more than one 
scanner, you can save separate 
configuration files for each 
one for future use. 

A prescan option lets you 
scan a full page at low resolu¬ 
tion and select the portion of 
it that you want to scan at high 
resolution. 

The program runs on the 
IBM PC with 640K bytes of 
RAM, DOS 3.0 or higher, a 
drawing device, and a hard 
disk drive. 

Price: $199. 

Contact: ZSoft Corp,, 450 
Franklin Rd., Suite 100, 
Marietta, GA 30067, (404) 
428-0008. 

Inquiry 1124, 

continued 





























































MKROVITEC COLOR 
DISPUWS WORK EXTREMELY 
LONG HOURS UNDER 
DEMANDING CONDITIONS. 

Day in, day out, around the world, you’ll 
find our range of color monitors and ter¬ 
minals hard at work. From the factory 
floor to the financial office, we've got 
what it takes to meet your demanding 
applications. 

Microvitec’s commitment to quality 
and reliability is found in every detail. 



The highly [xoven MIciovitec 20Auto-Scan 
monitor is available in desktop, rackmounted 
and open fiame packaging. 


Every component, every assembly 
every one of the quality assurance tests 
we perform durii^ manufecture is dedi¬ 
cated to displaying the bright, crisp, color¬ 
ful pictures you expect from your computer 
^tems. Day in. day out. 

Whether you want one display or one 
thousand, call Microvitec totky You can 
rely on us to work hard for you. 

Microvitec Pic. BolluigRDad, Bradfottl.VifesiVbrkshliis, Blh ttu, uk, 
Ttb (+44) 274 3900T t. Microvitec Inc., Adanta, USA. Tfel; t+1) 404 
2246. Microvitec GmbH, lAfcst Germany T£l: [+49) 2i 124 3o 5i. 

MICROVITEC 
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From Your pc 


$ ^LU$, an 
\ itegrated 
system, 
Includes 
mon er, data- 
ig ai d coniral 
oflw; re which 
features 
Pmj -anunlng 
By S lection, 
'ou t m create 
apilicalions 
esily, with 
^ no prior 
programming 
experience. 


09/07/89 



The all new SOLUS^" 
Personal Control Computer™ 
lets you TWOTir^rand daialog 
just about any condition in 
tlie real world. Then, based 
on these monitored condi¬ 
tions, SOLUS lets you 
control a wide variety of 
electrical devices. 

SOLUS makes it possible 
for any PC user to create 
pt^werful monitor and con^ 
trol applications. Quickly. 
Easily. Inexpensively. And 
with no prior programming 
experience. 


^ Modwn 


Wmd 

Fksw^i^ttf 

MoiAlui^ 

um 

Bilays 

SAflEhM 

Ltghl 

E«r|iiiupk» ' 
IdlftpiT-J 


CoHMvpn 




36 digiial/analog input/imipui 
chmneh are compatible with 
standard senstn's OTtd output 
dtmkes. SOL C/5 can be located 
on site, m' renwtdy tna modem . 


SOLUS comes with a 30-day 
satisfaction guarantee. 

Cali toO now: 

800-247-5712 

Discover SOLUS today. 

And control the world 
around you! 


Solus SysieiDs, Inc. 

4000 Knise Way Place, 2^285 
Lake Osw^ego, OR97035 U S.A. 
Phone: 503*635-3966 
Fax-503-635-3004 


s? 1989 Some Sysiems. inc- SOLUS" and 
PerMfTa) GomrtU OomputeT" aw iradflmajfca o< 

Stilus Systems. 1nc. 
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Peek/Sntith used LandCADD's Site Planning module and 
Videoscapes to enter topographic information and plant materials 
to this baseball field. 


100 Plant Images 
for LandCADD 

L andCADD’s Video¬ 
scapes, a visual database 
of plants for architects and 
civil engineers who use Auto¬ 
CAD for site planning, con¬ 
tains about 100 pictures that 
you can access from within 
the AutoCAD drawing editor. 
Videoscapes works with 
tandCADD's Site Planning 
and Landscape Design add¬ 
ins for AutoCAD. 

Videoscapes requires 
AutoCAD release 10 and 
LandCADD Site Planning 
and Landscape Design release 
10.5 running on the IBM PC 
AT with 640K bytes of RAM, 
a hard disk drive, and a math 
coprocessor. 

Price: $295. 

Contact: LandCADD, Inc., 
7519 East Highway 86, 
Franktown, CO 80116, (303) 
688-8160. 

Inquiry 1123. 


Make Your 
Presentations Move 
with Animator 

A utodesk is touting its 

Animator program as the 
best way to make a business 
presentation or training session 


come to life on an IBM PC 
with a VGA display. Animator 
lets you create, edit, and play 
full-length presentations in 
real lime from your hard disk 
at up to 70 frames per second 
with up to 256 colors. 

The program creates ani¬ 
mations in five formats: cel 
animation, optical, polymor¬ 
phic tweening, color cycling, 
and titling. Cel animations 
produce Disney-like anima¬ 
tions, while polymorphic 
tweening is a form of object- 
oriented animation, where a 
square will gradually change 
into a star, for example. 

Color cycling animations 
are what you see on a TV 
weather report, with moving 
arrows and weather fronts. 

The program requires an 
80286-based PC or higher to 
create animations, but you 
can use an included public-do- 
main player utility that will 
play animations on a standard 
IBM PC. If you have a VGA- 
to-NTSC card or conversion 
box, you can record to video¬ 
tape. Animator requires 640K 
bytes of RAM and a hard 
disk drive. 

Price: $299. 

Contact: Autodesk, Inc., 

2320 Marinship Way, Sausa- 
lilo, CA 94965, (800) 525- 
2763 or (415) 332-2344. 

Inquiry 1122, 

continued 
















NXfe’ NeverlU. 


Because our key-interrogation routines arc encrypted, and our 
hardware is custom-wired to distinguish each of our clients’ keys, 
our clients have the highest degree of security available. 

Unlike other manufacturers, our routines assume responsibility 
for ail hardware, software and timing issues. 

And what this means is that your engineering 
time and money won’t be wasted reinventing 
protection schemes. 

We offer two high security products for 
copy control, the KEY and the MEMORY KEY” 

Our protection devices can also be used for 
serialization techniques, software leasing. 


^ MICROPHAR 


Encrypted routines 
provide the highest 
degree ofseojrity 


No 
batteries 
to fail or 
replace 


modular software management, creative revenue collection, 
demo control and a path for future upgrades. 

The information stored in the MEMORY KEY can be conve¬ 
niently reprogrammed by your application software or at the end 
user’s site via software disk or modem. 

All our products attach conveniently to the 
printer port, are tran^arent and allow for 
unlimited back up copies. 

For serious software protection, call now. 
And start protecting your profits. 

Hands down, we’re better 


Custom hardware 
and software for 
each developer 


No pro¬ 
gramming 
adapters 
necessary 


Can be dynamically 
reprogrammed at the 
user site via diskette 
or modem. 


Over 55 language 
supported in DoS, 
XENIX and OS/2 


MARKETING. INC. 

1-800-843-0413 5e Habla Espano! 


In Europe: Microphar, 42, Avc, .Saintc Foy 92200, NciiUv Sur-Sdne France 
I rel: 33-1-47-38-21-21 Fax: 33-1-46-24-76-91, CaU to obtain distributor addresses in: 

^ fklgium, Ireland, Italy, Netherlands, Portugal, Spain, Switzerland, UJC & W. Germany. 
J Fdr Europe circle 264 on Reader Service Card 


In the Americas and the Pacific: ProTech, 9600-J Southern Pines Blvd Charlotte, NC 28217 
TcL 704-523-9500 Fax: 704-523-7651 Hours: Mon-Tliurs: 8:30-7KK) EX Fri: 8:30-5:30 ET 
FORA DEMONSTRAnON RiCKAGE OR ADDITIONAL INFORMAHON, PLEASE WRITE OR CALL 
For Americas & Pacific circle 265 on Reader Service Card 











We develop products on the premise tha1 



Pa^ Las^]2:12ppm, up to 3paper bin^ 750sheet 
capability, Toshiba/Qume^Diabh^IBM^HPemjdatirns. 



71000:6.4 lbs. 4.77Mlh WCm 512KBRAM expari^bk 
to L2MB. m-DOS in ROM. disf^tte drive. 

Buiibin pamilet, serial and external drive ports. 


rrw?i Jsyssj— ssi- 



P341SL: Wide carriage (up to 27QCPU 2I6/T2 
cps, advatmdpaper handling, 4 parif&rms.^ 



n200FB: 9.8 pounds. 9.54MH2.80C86. IMB 
RAM. 2 T20KB 3W floppy drives, remsmbk! 
mMargeahk battery paik. 



73im:I2Mlhm2m mierrmlIBM^ 
mMB hard disk gas plasma dPplay 1MB RAM 
expands ta 5MB, 144ME3^ di^tte drive. 



301:4 lbs. kttmiuality 24-tk)t print head, 60 <ps. 
Toshiba/Qume and Epson LQ enudations, 5 resident^is. 



T5100:16MUz &^86 mkropmcessm, 40 or lOOMB hard disk. 2ME 
RAM emndahle to 4MR 14.6 ihs BuilPin EGA display with high 
resoluthm gas plasma saeen. 




P351SX: 360/120 cps, 24 pin 
letter ifuatity, color option, 
Toshi^/Qume and IBM 
emulathm standard. Epson 
& Dtabb emulations optiomL 

































































neoa 116 Ibs. Batf^pmm^d I 2 M}Iz286, h£srd 

di^ 1.44MB/ioppyi JMB RAM expands h 5MB. backlit 
EGA LCD. femombk/reckaTgeabk battery /wrcfet 


\ ■■ 

a ^ 




DiReLaserb: Spprtt 512KB 
standard tnemffry Emidations: 
HP LaserJet Series IL IBM 
PnjprinferXL24. 2HPLaserJet 
iimpatibk fmtshtSy mulHpie 
purpose tray 4.0Cf0 prints per 
rrUMth. 35 pitunds. 


1'5200.29MHz80386processor, 2 internal IBM compatible 
expansion shts, 40 or 100MB hard disk, VGA display with 
exterrmi VGA monihorpori 2MBRAM ^dxindabk to 8MB. 


Numeric Ke}Jxid: 
JuilJundion, I5or 
17keys,/oritmr^cf 
ottr portable 




-ivrr 


■san 


PlxpmsWriier3lI:24 pm dot matrk, 180 cps draft/60 tps letter 
i/uality 3 feskientemulatum (Toshiba/Qmie, Epsrm LQ, IBM 
Pn^yrinterJ 16K buffer, 5 resuknt fonts pltt^ ^>d slots, II tbs. 


TW0:12MHz286 
2 IBM compalibie 
slots 40MB hard 
disk, L44MB fluids 
IMB RAM expands 
to 4MB, EGA screen. 


IT200HB: lOBlbs, 954MHzS(KM20MB pmSUSlX fcuiorj:216/72(ps,24^pm ktkrgualiiy up to 3Wx3WDfdgraphics, 

hard disk, IMIi RAM, indudes 384KB UM Toskiba/Qume and IBM eolations standard, Epsm and Diabh emtdatwm 

EM5 Remmiable/rechaf^jaNe battery pack optimal 32KB print buffer, fwnt panel ixfntmls. admneed paper handlir^ 


People have their own ways 
of doing things. Some think fast 
Some slow, ^me work from 9 to 5. 
Others never stop. 

That’s precisely why we offer 
so many different products. 

Including the widest range 
of truly portable PCs anywhere. 


And a line of printers that 
includes everything from a high 
volume laser to a four-pound, letter- 
quality, battery-operated portable. 

All of which can be easily 
networked. But all of \vhich are de¬ 
signed to meet the individual needs 
of our users. 


Because, at Toshiba, we have 
an incredibly diverse and sophis¬ 
ticated customer base. 

And from what we can tell, they 
have only one thii^ in common. 

They’re all different. 

For more information, just call 
us at 1-800-457-7777. 


In Touch with Tomorrow 

TOSHIBA 


Toshiba Amenca Informatifjfn Systems, Inc., Gmputer 5ysf£dis Divistor 


3TT AM OjittAjiif f'itvA {Tif* 


C 3963 Tbshiia Arne tica Ctntt|iix<T 
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Maslmrimar=““" ^ 
outsmarts all others. 


E ven tiiougti MASTERMIND 
looks like a work ot Art, 
its real beauty lies in tbe fast and 
simple »V3K produces Applications 
and Reports for home, work or 
proflL Even an inexperienced 
novice can produce bigb quality 
Applicadons artd Reports in 
minutes with absotutefy no 
programming or knowiedge of 
programmirtg needed! 




• Expands your cqiabiJIties 

- 0|iN MW opportunities fw pfwfH 

• Lower your 0p«r3tina COSIS 

• your needs or dient requimnefOs 

• Provide inslianl Miolions » prohlwiis ansing 
iv your Dpentjm anvmrtinerit 

• deduces 'Ute numfier pE p«css of software 
you win ever need to |u$t one 
UASTERMnOI 
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HEQUIHEMENT^ 

uusmum 

MASTERMIND 1 

'MftSTERMMO II 

'MASTERMMD PUJS 

OlSPLAf 

WQIHMIQLOR 

MONDHTOLDR 

MCMVCOLDR 

HONOVCDLOfl 

PRirfTEH 

m 

any 

ANY 

AMY 

Pm 

384K 

SIZK 

em 

640K 

OPEFWTWG 

PCrtflS DOS 

RC/HSDOS 

Fcms DOS 

TO/MS DOS 

SYSTEM 

2. I/HIGHER 

S.IVHIlGHEfl 

2.1 Of HIGHER 
MOS, VAJWMS 

2.1 Dr HIGHER 

MOS. vtouvm 

CPU 

SQSs.sme 
eoese, mi3S6 

aose. 

xm. sesa 

^0266. 80306 

S 086 . aoaa 

SD2Bo’ 00390 

DISK STOflAGE 

3EiQf720KB 

36fl/7Il>a 

mrtafs 

3aiV720KB 

NETWQflKING 

NO 

NO 

YES 

YES 

FiaOS PER REGOflD 

99 

199 

299 

499 

NUMBER OF RECORDS 

mUMITED 

UWLIMTTED 

UNUMfTtD 

UNUHRED 

NUMBER OF FILES 

UNLIMrTED 

UNLIMR-ED 

UNUMFTED 

UNLWrTEO 

NUMBER OF CHR SORTS 

» 

199 

299 

499 

HBDOIV tiliCt 

4096 BYTES 

0192 BYTES 

TS3fl4 BYTES 

:e7m BnES 

LlNkA« 

VIS 

YES 

YB 
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SPJ DISTRtBUTING COMPANY 

15455 N. Greenway^ayden Loop Rd. 
P,0. Box 13150 
Scottsdale, A2 85267 
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Addifss 
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Siaiv 

Hd 


felGDIUnfl 

DOieck 

□ MtXT(»y CNiflf 
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INVESTMEHT OPPOmUNlTIES - hSASTERMttO G biueprtie Id pefsecud satslaESon and tiandal 
ieward. Beoprne m tifegraJ part pi Itv UA^ERMiND success story ant atjvpyc ttnarm ndependeoca. 1> 
M out niwe abed vwr pnotit opportunlies as a Deafer or DstributDr wie or call: 

VastennliKl Software Conpaiv 

1MS5 N Greemray-Hayden Loop FW, • P.D BOft SS23 * Sodftatale. AZ 15361 * ffiOl?! 443.3190 


CALL NOW 1-800-328-4566 
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DADiSF 2M, displaying raw data and several functions. Note 
that in the top middle window, a change in the raw data would 
change the maximum value in the annotation. 


Data Analysis and 
DSP Spreadsheet 

S preadsheets are usually 
associated with the busi¬ 
ness world, but DADiSP 2.0 
is a spreadsheet that lets you 
convert scientific data, run 
hundreds of analysis func¬ 
tions, and display the results 
next to the original data in up 
to 64 windows. As with a 
business spreadsheet, you can 
manipulate and link individ¬ 
ual windows. A change in the 
original data is reflected in 
each linked graph. But instead 
of numbers or formulas in a 
ceil, DADiSP windows (which 
you can zoom and scroll) 
contain entire waveforms. 

DADiSP lets you take data 
in table, signal, waveform, and 
text formats and look at it 
from different points of view. 
One window can contain the 
imported waveform; a second 
window, its fast Fourier 
transform output; a third, sev¬ 
eral overlays of data; a 
fourth, a tabular view; a fifth, 
a three-dimensional plot; and 
so on. You can annotate each 
window, and a change in data 
is reflected in the annotation. 

DADiSP 2,0 comes with 
hundreds of analysis func¬ 
tions, including signal arith¬ 
metic and calculus, peak find¬ 


ing, and frequency domain 
analysis. A macro definition 
facility lets you create new 
functions. 

All numerical calculations 
are performed in 8-byte IEEE- 
standard double-precision 
math, DSP reports. A pipeline 
lets you run other programs 
from the DADiSP worksheet, 
including those written in 
FORTRAN, C, BASIC, Pas 
cal, and assembly language. 
DADiSP 2,0 supports digital 
filtering, and a separate 
module, the DADiSP-4S8 
driver, lets you control and 
transfer data from IEEE-488- 
based instruments. 

DADiSP 2.0 runs on the 
IBM PC AT with DOS 3.0 or 
higher, 2 megabytes of ex¬ 
tended memory, and a hard 
disk drive. It operates under 
Unix on the HP 9000 Series 
300 and Concurrent and Sun 
workstations, but not under 
Xenix on the PC. 

Price: $1695; workstation 
versions, $2995 and up; 
DADiSP-488, $195. 

Contact: DSP Development 
Corp., One Kendall Sq., Cam¬ 
bridge, MA 02139, (617) 
577-1133. 

Inquiry 1109. 

continued 
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IBM PC Image Processing Highlights. 


No. 1 in a series. 
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Cost Frame [ISn 
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Crabber 


DTiwa-sawi 


Fred Mdinarii President 


Thiiikof it as a Fhmie Grabber 
(mversatiUty and small on cost 


The DT2853 all-purpose frame grabber. 

This $1,795 frame grabber board cootains all 
the basic essentials for image processing. Real-time 
capture and display with 512 x 512 resolution and 
256 gray levels. Two onboard buffers. Onboard 
look-up tables. There's even an optional square 
pixel version available 

There's also a broad range of software avail¬ 
able to support the DT2853 for specific applications, 
ranging from microscopy to modeling, to motion 
analysis and more IRIStutor'" Image Processing 


Software is shipped FREE with the board. 

Think of the DT2853 as a multi-purpose 
tool for real-time digital image processing on 
the IBM® PC AT® Because it is. 

You should also know that the DT2853 
frame grabber wins the price/performance 
comparison every time. Because it gives you 
more features and options for less cost 

Call (508) 481-3700 

In Canada, call (800) 268-0427 


FREE 1989 Image Processing 
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Wprhl H«adqu«rttrs: DatsTraislatiofi Inc., 100 L&clie Orwe. MarlbomD MA01752-ll9>2 USA, (508} 43l'370C Tin 951848 

United Kinidom HaedquartenrOaitaTr^lation Ltd., The MuHwfry Business Park, Berkshire HGU jQJ, ai (0734) 793833 T]!i94[IU0l4 

WeitGermwiy Headquirtert: DataTranslatnn GfnUi Stutt^rter 3tra5sefi6,7l20Bietigfifinn Bb^iifen/iMieiFGern(ar)y01742'84(]25 

hitemitinnil Salsi OHi«i: Australia (2} 8324255^ Bel&tim (2) 466-8199; Canada {416} 625-190 7; Cbma (If 863-721 *401?, [408] 727-8222; Denmark (2} 2745H; TinlmJ (0} 3 72144; France (W 89077802; Graeoe DP 9514944, (31) 527.039 [1] 3614300; 
Hoag Kwi. [5] 448983; India (22) 23-1040; Israel (3) 5401524; ItaF^ (2)824703; japan) (3) 302-5560. (3| 348^01, (3) 35S-11U; Korea (2) 756-9954; Netherlands (70) 99 6360; New Ze^nd (64) 9'545313; Norway {2} 53 12 50; POflUKal [1] 545313; 
Singapore {65) 7797621; South Alrica [12) 8037680/93; Span 014558112; Sweden (8) 761-7120; Switierland (1) 723-1410; Tawan {2) 7020405 

IRiSlutnr e, a Erxtefnark and Data Translaftion is a reetstered irademark of Data TranslBtiofi, inc. All Oin«' (rademirks ve the pri^perty of diar respedive hokters. 
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SCSI Storage Subsystems 

286/386, Sun Microsystem, Macintosh, 
Apple n, Tandy, Atari, Amiga 
A-Hive—enclosure for SCSI drives 

30watts $119 65watts $169 



Hermit Crab—small portable hard drive 
32MB $429 200MB $1999 

SCSI Hard drive 32MB to 760MB 
SCSI Tape drive 155MB 
2HD/4 Hoppy Controllers for 286/386 
MFM/RLL1:1 16Mhz 

Tulin Corporation 

2393 Qume Dr., San Jose, CA95131 
Tel: 408-432-9025 Fax: 408-943-0782 



WE ABSOLUTELY LEAD THE 
COMPETITIVE QUALITY, 
DELIVERY & PRICE 


EXCELLENCE IS NOF THE LAl!GE5T,Jr|0T THE 
ELDCSl BLIT WE'ARE EQUIPPED ^VITHTThE LA¬ 
TEST EFflClENT tools TO CREATE OUR PROD¬ 
UCTS APPROACHING OPTIMUM. 

COMPETITIVE QUALITY. DELIVERY i PRICE ARE OUR 
THREE OSJEOtVES. 


aRD FL, 35. LANE 246, SIN MIN RD. NEI HU, 
TAIPEI, TAIWAN. R.O.C. 

TEL: 886,2.7941223^5 FAX: aB6>2J91Q397 


EXCELLENCE MUTI LAYER 
P.C.B, MEG CO., LTD. 
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Circuit Analysis 
with Seven Outside 
Connections 

T he ACNAP (AC Net- 
work Analysis Program) 
circuit analysis program for 
the Macintosh is a circuit sim¬ 
ulator that analyzes up to 200 
active and passive components 
and handles subcircuits with 
up to seven connections to the 
outside world. 

The program supports un- 
limited-length keystroke 
macros; you can embed com¬ 
ments or instructions into the 
macro command and insert 
delays that wait for your input. 
With these macros, you can 
automate repetitive tasks or set 
up instructional sequences 
for later use by lesser-trained 
individuals, BV Engineering 
reports. 

ACNAP performs Bode, 
Monte Carlo, sensitivity, noise 
equivalent bandwidth, spec¬ 
tra, component iteration, and 
worst-case analyses. You can 
create, combine, and edit com¬ 
ponent models and circuits 
that you save as single devices 
to a component library. 

ACNAP works on the Mac 
5!2Kor higher. 

Price: $349.95, 

Contact: BV Engineering 
Professional Software, 2023 
Chicago Ave,, Suite B-13, 
Riverside, CA 92507, (714) 
781-0252. 

Inquiry 1110, 


Data-Analysis 
Program Develops 
Math Models 

M TNSQ (for "minimum 
squares”) is a least- 
squares parameter-estimation 
and data-analysis tool that you 
can use to develop math 
models by performing simula¬ 
tions with known parameter 
values, MicroMath reports. 
You can use it to fit param¬ 
eter values in model equations 


to actual experimental data. 

You can plot observed ver¬ 
sus calculated values with data 
sets of up to 200 points. If 
your data has more than 200 
points, a data sieve lets you 
use subsets of the data set by 
reading every nth point, for 
example. 

MTNSQ runs on the IBM 
PC with 640K bytes of RAM, 
a hard disk drive, and a 
graphics adapter. The program 
supports the 80x87 math co¬ 
processor family. If you don’t 
have a coprocessor, the pro¬ 
gram can emulate one. 

MINSQ can’t read arbitrary 
text files. 

Price: $179. 

Contact: MicroMath Scien¬ 
tific Software, 2034 East Fort 
Union Blvd., Salt Lake City, 
UT 84121,(801)943-0290. 

Inquiry lllL 


Review, Cut, and 
Paste VVaveform 
Files on the Mac 

W ith WavEdil, you can 
review and edit large 
files of experimental data. 

You can open many data re¬ 
cordings and review them si¬ 
multaneously, including any 
8- or 12-bit files that can be 
saved in simple text or binary 
format. 

Each recording appears as 
a chart-recorder-style display 
in a separate window; you 
can identify a region of interest 
and cut, copy, and paste your 
selection to a new file for 
display or to a desktop pub¬ 
lishing program for incorpora¬ 
tion into a publication or pre¬ 
sentation. The program cannot 
delete or modify raw data. 

WavEdit works on the Mac 
Pius, but a Mac 11 is better for 
large data files. 

Price: $395. 

Contact: World Precision In¬ 
struments, 375 Quinnipiac 
Ave,, New Haven, CT 
06513, (203)469-8281. 

Inquiry 1112. 
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★ THE AWESOME 80286 ★ 


COMPAREU! 


BRAND NEW!!! 


SrtTMM O W IHWf r 

CtKifrofler — DLiai HD-FD 
1.2MB iU OrwB 
360K — 5’.> DriMfi 
720K -- 31.^ Drum 
1 AAMB — E>lvfriMaaidfH t 
30MB - K-w Dnva 
3DMB — Hafd C>iv« 

40M& - HArd Dri«» 

IFiWII^ 20M&tajK BAU-Upt Sj 
kx KT M<h^i ijs.8ei.fiw t:05 
Lflrger Hard Drr^eG Available 
Uonib:)^-' 

H> ftes wilfi Conor Card 


JNSTALLEO — Full S4z* Cuw — 6(iyKl - 200 VMIt Pow«r 
00307 SooM — Phovrli BhOS - S4 K«y^4BM Styt* OlICK KtytOOrO 
> CloclL'C«l«nd*r with Backup — «-10 Bit *0d 3-0 BR Slot* 

* OifcflOCttlc Olili — 6 lluFilh Warranty 


256K INSTALLED 8088-2 Processor 


tVSTEM iH^UDESf 

* I-Hslt Hsighl, J60K, 5^* Drive INSTALLED • Dual Speed — 4.77Mgh£ and aMghz 
— TtMM * a tioii B aOflT Soolwt «15C Watt Power Supply « Dclu he Keyboard 
*FuN Si 3 B CiBo for Drives * I Tssr Parts and Labor Warranty on Base Unit 

■rSTEU OP^IQNS: °“V») 

WD a 2rtd 360K 5% Drive $ TS Manoenrome Card w&v Ppirne Pioii 49 

PetyiSjeQ.LyBlQQPJ5QI4tPS Sodal card ti 

ADD a 10MB Drive 149 Parallol Card . 19 

ADD a 20M8 Drive . 1*9 Clock Cafcendaf Card 29 

ADD a 3OM0 Dnve 299 Par/Ser/OlvGatTie Card 49 

ADD a 40MS Drive ?«9 DOS 31 . 29 

12* Monochrema Hi-Res DOS 3.2 wilii Base 49 

TTL Monitor 99 DOS 3:3 wilh Base . , 99 

Dotor Monilnr—Hi fios _ Memory Upgrade lo 5t2t< 99 


Memory Upgrade Id SAOK 


QUADRANT 80286 


SYSTEM wrTH 


MEMORY!!! 


Brand Newll! 


Runs programs for WY-50, WY-100, Lear Siegler ADM-3L 
Televideo 910 +/925, and ADDS Viewpoint A-2-ASCIf Display 


00 Column - 26 LItie - Modem Port - Auxiliary Port 
' 33.4K Baud Rates -16/32 Function Keys - Separate Cursor Keypad 
Full Editing Keys - BRAND NEW - SO DAY WARRANTY 

I LiBt S449 Quantity Prices 

I Nomal Dealer Cost 6330 6 @ M 69 • 24 @ ^159 • 50 @ M 49 


IBM 5182 

★COLOR PRINTERS 


ic BRAND NEW * HEAVY DUTY ir 

* WIDE CARRIAGE |12? Colutr^O} 

* 200 CPS Draft 110 CcirrffS^jcKM^rnc* 3SCPS NLO 

• Pr.nls eiach. 4 CdOtj am? S CplcK* * eiQirvcEivnjI Odd Ufflru 
• ^ W.rp Parjillnl InCerlar? • Traclgn- Includnl 
FRONT - BOTTOM - AEAff PAPfft F££D 
PAPEW RACK AVAILABLE ■ Sfaetts Pmteif Paper - f\Uf V f 9 

Easy change Cfirlridlge Rrthbdnf - AVAiLAeLf WJW1_ I f 

* * ou/uvririf pricing - cAUJir * * ao my wwmmtt 


LIST $1995 

‘499 


★ 0 KIIMTA 2 M* 


Color Printer 

400 CPS -100 NLQ- 


Dual-9PiN 


WIDE < 

(132 Cotunin) — Puit Tractor ^ 

I9M ParaJlel Interface — SK Buffer 
BRAND NEW — 1 TW WuraiWy 

Uses Black or Optional 4 -Co*of R^iOorts 
Ribbms are Available — CALL FOR PRICING 
Senat Interface Units Available - CALLMt 


499 


Quantity Pricing 
3^5449 6=S439 
12-$429 24=5419 1 
Over 24 CALLitt 


CITIZEN MSP-50 


MODEL 4 TERMINALSI 

14 ' - Flat Screen 
Green Anti Glare Screen I 


BRAND NEWl - COLOR ORTIONALH 

300 CPS I SOnlq■ Narfciw Carnage. f 'Wire. ^ 

Epflcjo IBM CompaWTiHly - Pi>!Sh w fracUir * 

Zero Tear Ob - Top or Qcitom Feed, O®' 

Autcmalic Paper loading - 8K Buffer 
1 B Mor^th Manafactyfera Wauanfy - Parallel Inlerfaca Quanlity Puces | 

*59 Amazing 

SertaHriiterface I4& r\rtlij' ™ l^/n ^39 

24 rij 


I Font Card Sana Ststf araior $59 Only 

I Biackor Color HibUuna AvatlabiD ^ Calt!! 


CENTRONICS 

IBRAND 100 CPS — 25NLQ 
NEWI1 with Tractor 

I Qijantity pnciFifl ParaHei/Serial Interface 

l NAimOttaRRIAGE ^ 

IOveria-C/m.;i FULL WARHANTYi! 


PHNCETON GRAPHICS 


COLOR MONITOR -:s 

y 12" Multisync - Ultra Hi-Res 
.28 Dot Pitch - 800 X 600 
Demo Product MINT CONDITION 




[Monitor Cards on Special Alsottl 


PRINCETON GRAPHICS 

^ 12 " CGA COLOR MONITOR $1 

SUPER_Hi-RES — 600 x 400 MODEL MDJ 2 

“ “ “ UNBELIEVABLE!!! I 

LIST 




BETTER THAN EGA RESOLUTION!!! 


,31 Dot Pitch-Dual Voltage 

FULL 1 -YEAR MANUFACTURER WARRANTY 


THE BEST CGA RESOLUTION YOU CAN BUY!!! 


269 


$1049 

Quantity Pricing 

3 ^$249 6 ==$245 
12 =^$239 24 = 
OVER 24 - CALUl! 


m * Electrared 


lOe^Sa&mAN i&ENiJE 
MMnmrmoBsu 
FAM. 2m‘24B^§BM 


DEALER INQUIRIES ■ 
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Mac Portable 
Shown at BCS 
General Meeting 

I n the same room that was 
used to demonsiraie the 
original Macintosh to the 
Boston Computer Society al¬ 
most six years ago, represen¬ 
tatives from Apple Computer 
recently unveil^ the long- 
awaited Mac Portable. Speak¬ 
ing at the John Hancock Hall 
in Boston., D. D. A. Didier 
Diaz, product manager for 
the Mac Portable line, an¬ 
swered questions about the 
design of the portable and took 
some ribbing about Apple's 
90-day warranty along the 
way. 

Diaz took a few minutes to 
assemble the Portable in front 
of the audience while discuss¬ 


ing the finer points of the Por¬ 
table's construction, even 
pointing out that the design 
team had signed its name on 
the bottom of the computer's 
housing (see the October 
BYTE, page 100). After dis¬ 
cussing rest and sleep modes, 
the 15.67-MHz 68000 CPU, 
active-matrix LCD technol¬ 
ogy, and lead-acid gel versus 
nickel-cadmium batteries, 

Diaz opened the floor to 
questions. 

Although it wasn't the ftm 
question asked, it was almost 
certainly on everyone's 
mind: What are Apple’s plans 
for a smaller, lighter Porta¬ 
ble? To that, Diaz read be¬ 
tween the lines of the ques¬ 
tion and addressed the issue of 
price, too. “You have to com¬ 
pare it to machines that hard¬ 
ware-wise are comparable," 
he said. "So I think while cost 


has been presented as one of 
the issues, it's not [compared 
to other machines]." As to 
the size and weight, he said 
Apple didn’t want to compro¬ 
mise on the Portable’s 
functionality. 

When asked how tightly 
the Portable was sealed, Diaz 
said it was well sealed, but he 
advised against using it at the 
beach (this despite the fact 
that the opening video showed 
a woman sunbather using the 
Portable), “We did, and we 
paid the price for it." 

Another question con¬ 
cerned a paged memory man¬ 
agement unit, which is not 
built into the 68000 chip (the 
only feature of System 7.0 
that doesn’t work on the 68000 
is the virtual memory capa¬ 
bility). When asked if Apple 
had any plans to provide a 
PM MU for the Portable, Diaz 


said, “Not at this point." 

When asked why Apple didn’t 
use a 68020 or 68030 chip, 
he explained that a CMOS ver¬ 
sion of the 68030 isn’t avail¬ 
able. “The main reason is one 
of power." 

Diaz said we could expect 
the optional adapter that con¬ 
verts the Portable’s LCD sig¬ 
nals into analog signals for Na¬ 
tional Television System 
Committee and European tele¬ 
vision signals by the end of 
1989. On a NiiBus expansion 
chassis, he said you can ex¬ 
pect one, “but not from 
Apple." When asked when 
we can expect color for the 
Portable display, he said, 
"Color is not quite around the 
corner yet. It's somewhere a 
few years oui." 

A nd, natu ra 11 y, someone 
asked about the length of the 

comifiued 


Lost in the Sea of Data Communications Equipment? 



V, 


MNP Leveis 






^O/c .O^i, 


w.cc. 


Co, 




Direct ol New England, Inc. 

OME WK3GWTftl« HCWD ■ HUflUTOT^^ (617) 272“6S66 


Distributors of: 


Gall Direct of New England 

for prompt answers and great prices 
on 2400, 9600 , V,52, Multiplexers, and 
anything else you need. 

Many Modems at Many Prices 
We’re here to help you right now! 

Call (617) 272-6565. 
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We make Dac-Easy 
look darn hard 
AND Peachtree^ full of pits. 

Some accounting packages sound easy to use until you 
start to use them. Then you find out about the extras that 
come with them —like consultant time you'll probably end 
up paying for, expensive forms, and long learning curves. 
All you really want is an easy way to get your bills out on 
time plus easy-to-read reports. 

The Invoicer with Accounts Receivable was designed by 
a small business owner who knew exactly what was 
needed. Now, thousands of satisfied users agree that this 
affordable, menu-driven program is the answer to their 
billing problems, too. 

Before you commit to an "Easy” solution that turns out 
to be another hard lesson, give The Invoicer a 30-day 
money-back trial.* 

• Free 60-day support line. • Custom modifications 
available. * Runs on IBM and compatibles, Apple II, 
and Macintosh. * Accounts Payable and Sales 
Tracking/Inventory modules also available. 

The Invoicer with Accounts Receivabie™ 

I ^ a {Plus $7.50 shipping and handling.) 

^ “1*^ Texas residents add 6.5% sales tax. 

' Visa, Master Card, American Express accepted. 

* $15 restocking fee if disk seal is broken. 

l-800-950-7943oS. 

OR 512-629-4341 

Or send check to MiccaSoft, Inc. 

406 Windsor Lane, New Braunfels, Texas 78132 


Dac-Easy is a trademark of Dac Software, Inc, Peachtree is a 
registered trademark of Peachtree Software. IBM is a regis¬ 
tered trademark of IBM Corp. Apple and Macintosh are regis¬ 
tered trademarks of Apple Computer, Inc. The Invoicer with 
Accounts Receivable is a trademark of MiccaSoft, Inc. 
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machine’s warranty. When 
Diaz answered “90 days,” 
many hisses could be heard 
from the audience. “So how 
long?” asked Diaz, to which 
several people replied, “One 
year.” 

Contact; The Boston Com¬ 
puter Society, One Center 
Plaza, Boston, MA 02108, 
(617) 367-8080. 


Technology 

Conference 

Nanobytes 

T he 1989AECExpo, for 
architects and engineers, 
will be held at the Javits Con¬ 
vention Center In New York 
City on December 12-14. A 
section of the floor will be de¬ 
voted exclusively to Auto¬ 
CAD-compatible products. 


Also, three days of confer¬ 
ences will be offered. 

Price: Exhibits: free if you 
mail before December 8; $20 v 
at the door . Conferences: $95 
to $200. 

Contact; Expoconsul Inter¬ 
national, Inc., 3 Independence 
Way, Princeton, NJ 08540, 
(800) 873-3976 or (609) 
987-9400. 

T he Baltimore Convention 
Center will be the site of 
the Baltimore Computer 
Conference and Exposition, 
which is organized by the 
Maryland Association of CPAs 
and National Trade Produc¬ 
tions. MACPA and NTP plan 
to make the conference an 
annual event. It will be held 
on December 13-14, 

Price: Conference: one day, 
$35; both days, $50, Exposi¬ 
tion: free. 


Contact: National Trade 
Productions, Inc., 313 South 
Patrick St., Alexandria, VA 
22314,(800) 638-8510 or 
(703) 683-8500; Maryland 
Association of CPAs, 1300 
York Rd., Suite 10, P,0, Box 
484, Lutherville, MD 21093, 
(301)296-6250. 

T he fourth annual techni¬ 
cal conference on the X 
Window System will be held 
on January 15-17 at the Boston 
Marriott, Copley Place. The 
conference will consist of tuto¬ 
rials the first day, presenta¬ 
tions the second and third 
days, and special “birds of a 
feather” sessions throughout 
the conference. There won’t 
be any vendor exhibits. 

Price; $50. 

Contact: X Technical Con¬ 
ference, MIT Conference Ser¬ 
vices, Room 7-111,77 Mas¬ 


sachusetts Ave., Cambridge, 
MA 02139, (617) 253-1700. 


Computer Viruses 
the Topic of 
NetWare Meeting 

T he topic of the Metro 
New York NetWare Users 
Group’s December 13 meet¬ 
ing will be computer viruses, 
the group reports. The meet¬ 
ing will be held at Reader's 
Digest offices in Pleasant- 
ville, New York, from 6:30 to 
9:30 p.m. At press time, the 
speakers had not been 
finalized. 

Contact: The Metro New 
York NetWare Users Group, 
c/o Veronica Goss or Steve 
Bachman, 200 Broadhollow 
Rd., Suite 207, Melville, NY 
11747,(516) 385-9008. 


OGTABOirS IMIE 
386-25 SYSTEM 

9n44 COMPLETE 


One Meg 80 ns RAM 
AMI BIOS, Shadowing 
Runs Zero-Wait State 

1:1 Hd/Fd 
Controller 
1.2 or 1,44 
Floppy, 
Graphics 
Card and 
Monitor, 
Parallel 
and Serial 
Ports, HD 
Desktop 
Case, 101 
Keyboard 
w/ tactile 
feel, BTC 220 Watt Power 
Supply, One Year free 
On-site service included. 






[S '- 

JJKAM 




-SITE 


UnVEST 

PRICES 


OCTABDH 38B-SI 

•1199 C9HPLETE 

Intel 80386SX 16 Mhz CPU 
One Megabyte 80ns RAM 
AMI BIOS, w/Shadowing, 

1:1 Hd/Fd Controller, 
Graphics Card and Monitor, 
1.2 or 1.44 
Fioppy, 101 
Key Tactile 
Keyboard 
Serial and 
Parallel 
Ports, 220 
Watt Power Supply, One 
Year free On-site inciuded. 


CAU TOLL FREE 
800-726-1775 

TBHiimi none iih* 



Pritts and speciflcalions subject to All braral n 
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HARMONY COMPUTERS 


1801 FLATBUSH AVE.. (BET. AVES. J & K) BKLYN. NY 11210 

ORDER DEPT. ONLY 800-441-1144 OR 718-692-3232 - INFORMATION 718-692-2828 

lOth 

Anniversary 

Specials 

TOSHIBA T-1000 LAPTOP 

$629.00 
* * * 

H.R LASERJET II 

$1579.00 

PANASONIC 1180 

$159.00 

ik # # 

IBM PS/2 #30 (286) 20 Meg 

$1679.00 

WORD PERFECT 5.0 

$214.00 
* # * 

NEC MULTISYNC 3D 

$589.00 


-PRINTER SPECIALS' 


Apple Image VVrJEer II 
OiCOnjx Ink Jel t50 plus 
Epson LXS1D 
Epstyi FX 050 



Epson LO 3SCI 
Epson LQ 9&0 
Epson LQ 1D^ 

Epson LQ2&&Q 

Hewlett Peckerd Desk Jet Ptaje 


I Hff 

Hewlett 


Hewtett Pack^ Laaer Jet II P 
Padcanl Law Jet B 


979 


fBM Pnopflnter 3 
IBM Propfintec X24E 


IBM AMD COMPATIBLES 




42S 

599 


IBM PS,^ i)^30 {2SS). 1.44 Meg Or. 
As SbOV9 w/ IBM 23 Map 
As above wm IBM 30 Meg 
IBM Model 50Z {30 Megj 
IBM PQ2 Model 502 {50 Meg) 

512K Upgrade lor ISM PSVE (30’2B6) 
IBM P^ # SS SX 30 Meg.{3S6) 

IBM PS /2 #5& sx SO Meg.jaas) 

IBM P^S 2 Mona Monitor 70603) 

ISM p;s 2 Color {3512) Monitor 
IBM F/S 2 Color (0513) Monitor 


1399 
1579 
17B9 
2249 
2349 
179 
2799 

,. . 3099 

539 



TURBO 366 (20 MHZ) 1.2 Driv* 1 Mao 
Serial Parariel 

1649 1 

TURBO AT 266 12 MHZ, 1.2 M«a DrEv« 
Sarial Perallei, 512K w/lAonHor 

849 

P EVEREX XT 12 MHZ w/ MoflKOf 

549 [ 


HeKtotvt 2 64DK, 10MH2, SVr A 3'4 Floppy Drtvos, 
Oolor^or^P, Serial, Parallel, Gamo. DOS 3.3 799 

Headstart 3 Or >0 Meg, 12 MHZ m A 3^4 Floppy Drives, 
32 Meg H.D., Sarlal, Pafallel, Game. Mod SO, iDOS 3,3, 
VGA Monitor 2299 


MONITORS 


Amde1< 4 IDA 
Amdek 732 (VGA) 

Princeton VGA PeperwhiEe 
Princeton Max 15 
Princeton Ultra Sync (16 irrdi) 

Plineeton Ultra Sync (14 inch) 

HEC Multlaync G.S, (^erwhite^ 

I MuHlavnc 2A (VGA) 

Md MuIttayTvc ftD- 

Sony 1304 Miittimcari (1024x769) 
Sony 1302 Muttlacan 
Sony 1320 VGA 

|~‘5enro #^IPiRea. x766)‘ 

Zeniih 1490 Flai Screen 
Panasync Cl 391 

Mttaobislii Diamondscan #1301A 
Goldstar Superacan# 1440 (SOD K 600) 
Packard Ben (|GA) #1431 
Packard Befl TTl Amber 12 inch #1272A 
Packard Bell m Amberi 4 Inch #1472A 
Packard Bell (RGB) #1452 
Magnavox (RGB, Compastte) SCM 616 
Magnavox VGA 



173" 


579 

439 

479 

449 

369 

B9 

129 

249 

269 

349 


1 VIDEO CARDS 1 

Hercufas Monographic Plus w/Rantfort 

154 

I Harculae VGA Card 

159 1 

Genoa Super Hi Rea PtuB 

99 


Genoa 5400 VGA w/512K 
Video 7 VGA 
Video 7 VGA lD24i 256K 
Video 7 VGA I024i 5t2K 
Video 7 VGA Faatwrite 2S6K 
Video 7 VGA Fasl write SI 2K •* 

Video 7 VGA VRAM {512K) 

Orchard Pro Designer (VGA) 256K 
Orchard Pro Designer (VGA) Plus 512K 
STB VGA Exira EM IS 2b6l< 

STB VGA Exlra EM IS 6iaK 
ATI VGA WbndftT Sl2K 
[ ATI VGA Wonder 2 66K 

ATI VGA Warier 256K w/Mouse 

ATI W3A Wonder 5i2K w/Moose 
Paradise Auio Switch (460) 

Paradise VGA Plos 
Paradise VGA Plus (16 Bit) 

Paradise VGA Professional S12K 
Evefex Auto Sync (480) Deluxe 
Euenex Viewpotnl VGA 256K 
Everex Vlei^olm VGA 512K 
HarrrKjny V^A (000 X 600) 


249 

109 

219 





249 

319 

130 

169 

229 

209 

99 

199 

269 

149 


IBM proprinler 3XL 
IBM PiOprmler XL24E 
I NEC (^2200XE 

NEC P5Z0O 

NEC P5300 
NEC P9XL 
Okidala 360 
Okidata 172 
Gkidala l62Tlirbo 
Okidsta 183 {Wide Cerdaga] 
Okidale 320 
Okidala 321 
Okidaie 390 
Okdala 391 
Oktdala 3^ 

Panasonic 1180 
Pa/msonic 1191 



1 LAPTOPS 1 

NEC Urtrakle One Meg. 

1748 

NEC UliraNte 2 Meg. 

1949 

1 H^C Procpaad 266 20 Meg, 

3199 1 


NEC Prospeed 285 40 Meg 

Toshiba T 1000 
T-1000 76aK Up^de Card 
T-1D00 Carrykis'Case 
Toshiba 1200 2 Drive (Backlit) 

Toshiba 1200 20 Meg (Backlit) 

Miieubiehi 206L (20 Meg J 
Zanlih 104-1 Superspoit (2 Drive) 

Zeniih ia4'2 Soperwort 20 Meg 
Zeniih SuperspcHTt 200 (20 Meg j 
Zeniih Suparsport 280 Meg.) 

Toshiba 301 (24 Pin Portable Printer) 
DiCdiilx 150 Plus Portable Ink del Printer 
PaSl Lvhx 11 (PfllA Trertater Soltwara 3Va to 

Laptop MoJem Baud 

Laptop Modem 2400 Baud 



3599 

629 

248 

38 

1398 

1689 

2099 

1349 

2049 

2599 

2699 

299 

299 

79 


■w 

179 


IBM SOFTWARE 


Aldus Pagemakar 3.0 
Lotus 123 Release 3 
Lotus 123 version 2.2 
D Base 4 

Muliimaie Aidvanlage d 
Borland Paradox 3.0 
Microsolt Excel 
Mictoaon Vitord 5.0 


UdKtMVKr 

? 324 

l! 




324 

428 
269 

429 
269 
209 


1 MicrusoH iWndowa 286 

- ^SS-^TSSTSS—\ 

MidfMpn Wlndewa 3S0 

139 

1 Word Perfecl S.O 



Q&A3.0 2D9 

PFS Pmretilonel Write (2,|) 129 

PC TdoIr Deluxe 5.5 79 

Norton Utlillea 4.5 M 

Faatback Plot 99 

Norton UtimJet Advenced 4.6 04 

Copy 2 PC Deluxe Beard 109 

Microioft Mpuee 99 

Mtcroiofl Moum w/Windowa 139 

Logitech Seanrhan Pfua 139 

Genlua 3 Button HI Rea, Mtouae 139 

Logitecti New HI Rea mouee (320 D<Pt) 04 

Logltecti Publisher 49 

Logitech with Cad 39 

Wordstar Proreaelonal Rel. S.5 (After »55 Rebate) 159 
Ventura Dealt Ibp Publlchine ver 2.0 469 

Managing four Mon^ - Rstoase S 1i9 

Feat Lynx II (Data nailer Software and eebiBBi 79 

MS DOS 3,3 w/Bsilc 09 

MSDOS 4.01 w/Baalc 09 


MODEMS 


Hayes 1200 Exlarnal 
Heyee 1200B w^Smartoorn 2 
Hayes 2400 External 
Mayes 240 OB wySmartcum 2 
Hayes 2400P (PS/2 50,60,70,80) 
Hayes SmaJloom H SctHware 
ATI 2400 Internal 
ATI 2400 External 
Everex Internal 12QOB 
Everek 2400 Plus Internal 



[ Everex 2400 E Plus External 


Evwex Madntosh 2400 Externa) 

229 

Packard Beil 1200 External 

69 

PromeltiiuS 2400 Extamat 

169 

Promelhlus 2400 Inlernal 

139 

Pnomelhlus 2400 Plus Inlefnal 

199 

Lapiop Modem i20O Inletnai 

130 

Lapiop Modem 2400 Inlefnal 

179 

Cardinal 2400 Inlernal 

109 

Falcon 2400 External 

129 


1 f^asonlc 1124 

269 1 

P^Bsaric 1592 

364 

Panaionlc 1595 

399 

Panaionic 1524 

499 

Ranaaohlc 3131 

299 

9ler WR-IDOO 

329 

Star XR-1500 

429 

1 Star NX fOOOH (color) 

209 1 


Star NX-2400 
Slar NX 1000 II 

Toshiba Ml (24 Pin Portable Printer) 

Ibshiba Expresswritet 311 [ _■>— \ 

Toshiba 321 SL 

Toshiba 34i SL —-j- * 

Toshiba 351 SX 


SfHfrrfBIBBrirHni S 


HARD DRIVES 


Seafale 20 Meg, w/controfler 
Gaagaie 20 Meg. 

Seagate 30 Msg. w/ccntroller 
Seagate 30 Meg, 

Seagate 40 Meg, #251-1 _ 

\ S^gate 60 Meg. #4098 



Western Digital XT Conifollar (20, 40, 60 MegJ 
Western Diatal (AT) Controller 
Miniscribe ^ Meg. Hard Drive Card 
Mlniscribe 30 Meg. Hard Drive Card 
Mountain 30 Met Hard Drive Card 
Ibrtoon 20 Meg Hard Drive Card 
Seagate 20 Mag External (lor Macintosh) 
legate 20 Mag Inch #125N SCSI Adapter 
Seagate 20 Meg S'A Inch #125 
Seagate 30 Meg 31^ inch #13BN SCSI Adapler 
Seagate 30 Meg 3'^ Inch #138MFM 
Seagate 50 Meg 3'A Inch #157NS SCSI Adapter 
Seagate 50 Meg 3’4 inch #i67 
Seagate 0Q Meg 3v4 inch #2g6lM SCSI Adapter 
Host Adapter ter IBM PS/2 



Ricoh RF-S50 


699 

Ricoh RF-900 i 



Sharp UX-100 


k 83® 

Sharp FO 220 \\ 


^ 639 

Sharp FO 330 V 


y 869 

Sharp UX 350 


1029 

Sharp FQ 420 


1029 

Sharp FO 550 


1449 

Panatax #120 w./Answering Machine 

079 

Penalsx #135 


099 

Panafax #i40 


799 

PanaFax #145 


699 

Panafax #250 


1168 

Panelax #200 


1349 

Toshibe #3300 


769 

Tbshtoa #3600 


999 

Cardinei Faxboard with 2400 Modem 

149 

EpeiDfi PrlDfily Fax #1000 


799 

Epson PrlofUy Fax #2000 


899 


79 

149 

299 

319 

318 

279 

479 

299 

259 

339 

299 

369 

349 

519 

49 


We Carry A Full Line ef Fax Paper 


PC BOARDS, DRIVES, MEMORY CHIPS 


IBM Original 5% Disk Dr (360k) 

Toshiba SVi Floppy Disk Or (360 K] 
Toshiba 3’A Floppy Disk Dr (720 K) 
Toshiba 3^.^ Floppy Disk Dr (1.44 Meg) 
Toshiba Floppy Disk Dr (1.2 Meg) 
PS,'2 51 / 4 " 360K External Drive 
PS/2 5Vi. 1.2 Meg External Drive 
AST Six Pack Plue 04K 
[ AST Rampage Plua (206) 512K ~ 


■w 


89 

109 

99 

198 

249 

129 


I gki 

Intel above board 236 Plus LO ParaElel/Seriil 
Intel above PS/2 (50,60) 

AST Rampage P&2 (50,60) 


mpage Pi 
04K DRAM chips 
256K PRAM chips 
266K SImm Module 
One Meg. DRAM Chipa 
One Meg. Simm Metiule 


INTEL MATH COPROCCESORS 


378 

428 

299 

399 

Ceil 

call 

Call 

Cali 

Call 


Intel 80a7'3 (PC, PC XT up lo 6 MHZ) 
Intel 8087-2 {PC. PC XT up to 6 MHZ) 
Intel 8087-1 (PC, PC XT 10 MHZ and ' 
Intel 00287-3 (PC, AT up to 8 MHZ) 

Intel 00267-6 (PC, AT up to 10MHZ) 
intsi 00207-10 (10 MHZ and Faator) 

Intel 80387-16 (PCAT up lO 16 MHZ) 

Intel 80387 20 (PC AT up to 20 MHZ) 

Intel 80367-25 (PC AT 25 MHZ and lasler) 
Intel 80307 SX (AH 3D387 SX Computers) 
Intel 6QC207 


) 


118 

158 

129 

109 

224 

339 

3i78 

479 

299 

2Zi- 


Miwtpf Card and Vw* w atoo m e etna 

wd be r^ilBixd Of npsirid at our Mcretkin 
PHtums. ^ defective 


Far your prawction \ 
M otouf wwnrHy Prt 
setvic* ai (7161692-2 


g check for Slaton indil card*. Shippu^ 9 handling Bxtia. DoledivB mofdhinAsa 
I and BWBilabiUly «eb{*ct to Change withqyt ncticB. Vtfa do not *liow rton-delecVve 
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The Cream. The Crop. 



There are plenty of places to get information in 
this industry. Too many. But if you want the best 
quality information, there's oiily one that rises 
to the top: WiTlWEEK. 

BYTE W££iiC is a weekly newsletter from the 
same professionals who produce BYTE 
Magazine. Each week, the most important 
news and information from the previous 
week is presented in a readable and concise 
maimer. BYTEWHEK offers you what no 
other publication can: timely news on the 
rapidly-evolving computer industry as it hap¬ 
pens with the interpretation and evaluation 
that only BYTE's experienced editorial staff 
can provide. 

Subscribe now and take advantage of a 
special subscription rate of $395 ($495 out¬ 
side the US. and Canada). Your subscription 
to BYTEIVEEK also includes a free sub¬ 
scription to BDC, BYTE's exclusive on-line 
conferencing system. Don’t miss this 
opportunity! 


For fastest service, call toU-free 1-800-258-5485 
(in N.H., call 603-924*9281) and charge to a 
major credit card or we'll bill you. 


BVTE 





One Phoenix Mill Uae, Peterborough, NH 03458 


WfTEWEEK offers ^ money-kck guarantee if you are not 
completely satisfied. 


□ YES! Sign me up as a subscriber to the Cream of 
the Crop, BYTEWEEK at the special subscription 
rate of $395 a year for 50 issues ($495 a year out¬ 
side the U.S. and Canada). 

Q MC Q VISA Q Check enclosed Q Bill me 

Card #_Exp._ 

Signature_ 


Name _ 

Title_ 

Mail Address _ 
City/State/Zip_ 
Business Phone 


WnWMM 



One Phoenix Mill Lane 
Peterborough, NH 03458 






































8 /16 MHz selectable 
1 MB Exp. to 4 MB on board 
80287 socket 

Space saving AT style minicase 

200 watt P/S 

1.2 MB Teac floppy 


80286 CPU running at 25 MHz 
1 MB Exp. to 8 MB on board 

80287 socket 
Shadow RAM Enable 

Space saving AT style minicase 

200 watt P/S 

1.2 MB Teac floppy 



cl 

a 

P 


■ 80286 C.P.U. Running at 20 MHz 
M 1 MB Exp. to 8 MB on board 

■ 80287 Socket 

■ Shadow RAM Enable 

■ Space saving AT style minicase 


Standard System Features 

■ 1:1 Dual floppy / HD cont. 

■ Parallel, 2 serial, game, clock 

■ Keytronics 101 keyboard 

■ 24 hour burn-in 


■ 200 watt P/S 


■ 1.2 MB Teac floppy 


33 MHz* 386 


■ 80386 XX C.P.U. running at 25 MHz 

■ 1-32 bit, 5 -16 bit, 2 - 8 bit slots 

■ 80287 and 80387 sockets 

■ 1 MB Exp, to 8 MB on board 



System Options 

Includes Monitor & Adapter Card 


Monographics (Hi-Iks) 129 

Color Graphics (KGB) 249 

EGA (640 X 350)..449 

VGA (16 bit) ..499 

Multisync (16 bit) 599 


Hard Drives 


Mother Boards 

16 MHz* 286 .20S 

33 MHz* 286 .39S 

33 MHz* 386 . 74? 

System Upgrades 

1:1 RLL.2‘ 

Full Size Case.2^ 

Full Size Vertical Case.10( 

Mini Vertical Case. 5l 


■ Shadow RAM Enable 

■ Space saving AT style minicase 

■ 200 watt P/S 

■ 1.2 MB Teac floppy 

Adtech 

(408) 954-8038 1 (800) 326-6548 
(408) 954-1647 fax 

2003 OToole Ave., San Jose, CA 95131 


20 Meg - Seagate ST-125 {30ms) ..249 

30 Meg - Seagate ST-138 (30ms}.299 

40 Meg - Seagate ST251 (38ms).329 

40 Meg-Seagate ST251-1 (28ms).339 

66 Meg - Toshiba (2 3ins) .439 

66 Meg-Seagate ST-151 {23ms).399 

Miscellaneous 

5.25* 360k (Fdiitsu).59 

5.25* 1.2 MB.85 

3.5* 1.44 MB. 89 

Logitech Hi-res Mouse (New).. 89 

2400 Baud Modem... *..99 

16 bit VGA (1024 x 768). 179 
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Terms and CDndiliDns. Returns sutiject tti 20% re^liocking les. Prices and avallabiliily subject to chang# wiltioiil nolice- RMA tt r^uirod for all returns. GA residents add 7% satss lex. No surcharge- MaslerCkarge and V-isa * Landmark spaed lesi 


ONE YEAR PARTS AND LABOR WARRANTY ON ALL SYSTEMS! 
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When GCC says tkai its UltmDnve has a '*zero footprint, " the 
company means that it fits un^ler your Macintosh. 


UltraDrive Your Mac 
Without Frills 

G CC Technologies’ 

UltraDrive series for the 
Macintosh offers no-frills 
hard disk drives with 20- to 80- 
megabyte capacities» 

The drives are available in 
standard internal configura¬ 
tions and in unconventional 
“zercHfoolprint” configura¬ 
tions to fit directly beneath a 
Mac Plus, SE, or SE/30. They 
measure 3 by 10 by 11 
inches. 

Every UltraDrive includes 
software for installation, parti¬ 
tioning, securing partitions 
(through passwords), and 
testing. 

Price: 20-niegabyte external, 
$549; 30-megabyte internal 
and external, $529 and $629; 
45-megabyte, $599 and $699; 
80-megabyte, $849 and 
$949. 

Contact: GCC Technol¬ 
ogies, 580 Winter St., 
Waltham, MA 02154, (617) 
890-0880. 

Inquiry 1000. 


Intex Upgrades 
Trans, PanaView 
for Lotus 1 -2-3 

I ntex recently upgraded 
Trans and PanaView, two 
Lotus 1-2-3 and Symphony 
add-on products. Trans, which 
integrates ASCII data into 
Lotus spreadsheets, has two 
new command-line options in 
version 1.04. The first one 
eliminates multiple copies of 
page headings in the worksheet 
file that Trans creates, and 
the second option cuts the 
memory required to run the 
product by matching the mini¬ 
mum number of lines to the 
column structure in the source 
file. 

PanaView lets you manage 
large spreadsheets by being 


able to view up to 43,000 
cells on a screen. You can use a 
zoom window for a close-up 
look. PanaView LI Hags 
blank formatted cells, so you 
can find and fix them. The 
program highlights unpro¬ 
tected ranges and adds more 
colors to the screen to help 
you distinguish among formu¬ 
las, values, and text. 

Trans 1.04 works with 
Lotus 1-2-3 up to release 3.0. 
PanaView works with release 
2.2; a version for release 3*0 is 
expected by the end of this 
year, the company reports. 
Price: Trans, $95; Pana¬ 
View, $145. 

Coatact: Intex Solutions, 

Inc., 161 Highland Ave., 
Needham, MA 02194, (617) 
449-6222* 

Inquiry 1001, 


Do-It-Yourself 
Calculator 
for the Mac 

aiculator Construction 
Set (CCS) 2.0 lets you 
build a calculator as simple 
as a basic adding machine or 
one complex enough to han¬ 
dle your financial and scien¬ 


tific problems in a MacPaint- 
like environment on the 
Macintosh. 

You start with a basic cal¬ 
culator window, drag tools 
onto it, and assign functions 
to the tools . A key can be a 
number or any of 245 func¬ 
tions for statistics, math, or 
trigonometry. Once you have 
the calculator the way you want 
it, you can save it as a stand¬ 
alone application, desk acces¬ 
sory, or work file. Finished 
calculators can run in standard 
algebraic or reverse Polish 
notation. 

The program can cut, 
copy, and paste data between 
the calculator and applica¬ 
tions. An on-screen **paper- 
tape” display can hold up to 
32K bytes of text, and you can 
edit this by clicking on the 
tape. Di.splays can show up to 
24 characters. 

The program comes with 
61 ready-to-use calculators and 
iO template files. Developer 
Dubl-Click reports that the 
program will run most HP- 
41 C calculator programs, and 
It runs on systems as basic as 
the original 128K-byte Mac. 
Price: $89*95. 

Contact: Dubl-Click Soft¬ 
ware, Inc., 9316Deering 
Ave*, Chatsworth, CA 
91311, (818) 7D0-9525* 
Inquiry 1003, 


View AutoCAD 
Drawings Without 
AutoCAD 

N ot everyone who needs 
to view an AutoCAD 
drawing needs to be a CAD 
user. A program called View- 
station from Sirlin Computer 
lets you view, rotate, print, 
zoom, and even add a per¬ 
sonal note to an AutoCAD 
drawing on a standard IBM 
PC without requiring you to 
have AutoCAD on the sys¬ 
tem. The program will read 
AutoCAD drawing files di¬ 
rectly, including release 10 
drawings, in a read-only 
formal. 

Viewstation can zoom 
drawings, turn layers on and 
off, and restore named views. 
The company reports that the 
program draws up to 10 
times faster than AutoCAD* 
Since the program treats 
AutoCAD files as read-only 
files, you can use it to ar¬ 
chive drawings on a WORM 
(write once, read many 
times) drive, a CD-ROM 
drive, or a network server. 

The program’s Hyper-Link ca¬ 
pability lets you lie sets of 
drawings together. You can 
look at a map of a region, for 
example, point to the region, 
and load a detail of a particu¬ 
lar subdivision of the region 
onto your screen. 

Viewstation runs on the 
IBM PC with 512K bytes of 
RAM* A coprocessor is op¬ 
tional. Sirlin reports that next 
year it will release database 
drivers for the program, letting 
you use it as a graphical front 
end for database systems. 

Price: $295, 

Contact: Sirlin Computer 
Corp., 225 Lowell Rd*, 
Hudson, NH 03051, (603) 
595-0420. 

Inquiry 1002, 

continued 
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Subscribe and Save . Subscribe 
today, and rece ive the next 12 
issues of VmxWoRUi for just half 
ihe regular neTtsstand price. 
Save even more by ordering for 
two or tliree years. You can’t 
lose—everj' subscription to 
UXDiWoHLD comes with a no- risk 
guaranteef 


biggest high-tech companies. 
Easy-to-understaiid program¬ 
ming tips and tutori^s that c^ 
helpybp.and ^ur cbmpap)^^^^ 
use DHlXfoits:fiillest. And'S^^ 
unbiased hardware and software 
reviews to help you Invest 
wisely when you buy. 

The whole UIVIX-verse . 

Un&^^orld's in-depdi features go 
beyond dry technical fects, to 
show how the pieces fit together, 
—to tell you what’s important 
about the advances and the 
strategies that are changing your 
world. \iiA UsixWoRiJ> con¬ 
sistently offers die freshest, most 
down-to-earth writing you’ll 
find in any computer publication. 


Changing the worM . UNIX is 
changing the world of comput- 
qh*v the world of basin^sS— 
quite simply, changing the world. 
Ifs revolutionizing b^cie auto¬ 
mation. It’s required for II.S. 
government computer contracts. 
It’s the backbone of information 
stmtegies worldwide. 


The information you need . 

That’s why you nacAVsviWoRU)— 
the magazine dial keeps you 
lip to date on the rapidly chang¬ 
ing world of open»systeitns 
computing. Each issue brings 
you the latest product trends and 
technical advances that can 
affect your business. The inside 
story on some of the worlds 


Subscribe now ! Call toll- free: 


If you’re into UNIX, you need VmxWORUi MAGAZim. 
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1 COMPUTERS 1 

AST 

pREHtUM ZIB. MQML 70... 

3ES - HOOCL loot... 

.11174 

.SZBZB 

3U/13 ’ MODEL 9... 

43999 

BfUVQ MODEL 5.. . 

... $0GB 

EVEAEX (AGI) 

AGI1700*. 10WHZ... 

Afil llOflC, 1ZMHZ.. 

.11199 


ASI 30000. 2DMHZ. .. V923 

COMPATIBLfS 

MUHl, 40200.1MB .. 

1«|ltHZ.ID3USX.1MB....1999 

25 MHI. M34fi. IMB...$11SS 

Z5 MHZ. M34«. mfl.HIM 

C0MFMIHE4 ftBE 0 WAtT, 
EXFAHOABLE TO IMB. 

Z30W POWHt SUPPiY 


DRIVES 


ST 2Z5.... 

SEAGATE 

.1199 

3T Z91-1.. 
ST 4Q9G 


1349 

..,S479 

FLOPPTS-. 

„,... BTHEHS. 

CALL 


(^nWPORTA^^ 

TOSHfBA Hit 

1DOa/i;OOf.$6I9/I13» PHOSKED 20/40 ..IZ749/S3299 

1200/1000 ...... 11 I&9/S32E9 ULTHAUTI Ml HUS , $39asa2]SO 

31 WE aaw. S2099/S3339 

SZW^D/100.... S41lt/S522f imi H 

M ITS u BIS HI loreBSPWT 7«..... .tzfi5o/37i9g 

MOOEL 710/7»....t2031/M«5 COMPAQ . .. ..CALL 


[^^^SOmVAR^^ 


PAGEMAKER.. 

.. 1479 

CUPPER. 

...._$429 

0 BASE lY............... 

..........1455 

FOXBASE...... 

.$219 

LOTUS.. 


MS WQRO... 

...5219 

MS EXCEL.. 

5249 

SYMPHONY... 

,..,......5419 

WHO PfHFECT.. 

.SZ29 

DTHEBS. 



PRINTERS 


EPSON 


UBIO .. 

..$199 NtC 

PANASONIC 


flllW ... 

. . ..1365 ORKIATA 

miB.......... 

.. 1189 

FK1050,.. ... 


pull-..,.,..... 

. 1229 

LOSIQ ... 


niz4., .. 

.....1319 

LOaSQ .. 

.. IMS 

n5Z4.. __........... 

. $559 

UllIJSO __ 

.. (7&9 ^»THIRS 

4454 LASEA . .. . 

. Sl39t 

LtoSM ... 


HP LASEI SERIES II . 

....J17M 


NUMEROUS OTHER PRODUCTS CALL FOR PRICES 



1 MONITORS I 

SAMSUNG 


U" AMBER. ... 

1111 

14“ ESA . ... 

13S9 

14 l/DA. 

1349 

NEC 


MULTISYNC W ... 

1795 

MULTISYNC PLUS... 

1549 ' 

BTHERS .......................... 

. CALL 





HOURS (EST) 

MON ~FRt B: 3 aam-S: 30 Dm 

SATURDAY 9 : 0 O]m - 2 . 0 Dpfn 

SERVICE ANYTiME 


Va(HTZP^4919 


FAX 1 -S 03 - 642 -fiSZ 1 


CALL FOR 
FREE CATALOG 


1 - 800 - 284-4919 



Transfopm Your PC into a Personal Supercomputer 
with MULTIS Parallel Processing Cards 


Harness supercomputer power for your 
IBM PC, XT, AT or compatible with the 
JVHJLTIS TABS (Transputer Architecture 
Board Series) parallel processing cards, 

A single TABS-MMC supplies power and 
communication switching control for up 
to two TABS-SPD or four TABS-SPZ pro¬ 
cessor modules, yielding up to 50 MIPS 
of processing power. Each SPD or SPZ 
processor module provides one or two 
megabytes of ram for a T425 or T8O0 
Transputer. 


Add up 10 sixteen TABS-MMCs and 
dramatically expand your systems capacity. 
With room for 64 processors, the 
TABS-MMCs will provide you with 640 
MIPS of processing power, — equivalent 
Co the CRAY 1 supercomputer. 

With the MULTIS TABS design, your 
system is never obsolete. As applications 
demand more processing power, simply 
plug in additional processor modules. Or, 
customize your own expandable system 
with high resolution video and other 


peripheral modules. 

MULTIS TABS series products are fully 
compatible with other B004 Link boards. 
Each MULTIS product comes with a full 
year warranty and complete technical 
support. To hnd out about these and 
other upcoming products call 
(508) 459-9503. FAX # (508) 937-8051, 



CDflPORAtlON 


Willie Sirtei. Lowdl. MA DIS'i4 


IBM PC. XT, and AT art tradifmaiics nf IBM. TSANSPl.T'EB li i tracl^Eiiarlc CftAY I 4 iradtiniaric it( fimy 
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Now build easy-to-use workstations in Microsoft® Windows™ for any ]oh function. 

Announcing the easy way to 
integrateWindows and DOS applications 

without programming in G 


■fUegr^n Window^ and DQ$ productivity [oats 
to help manege eicciMtts and sals fbus;, and 
iiaia^periQrmancfi. 


With the interactive control language called 
Bridge, developing in Windows takes a frac¬ 
tion of the time of C. 

Bridge makes it easy to build easy-to- 
use workstations for any job function. Design 
dialog boices and menus ^ster than you ever 
thought possible. 

“Seamlessly" integrate 
multiple Windows and 
DOS applications with 
multitasking. Automate 
repetitive tasks. Easily customize and revise 
applications. Quickly create working proto¬ 
types. Simplify every step of every user 
application! 

*^ridge/28S aiid Bridge/386are impres- 
sfve ptugmms. Uyou use 
witJi ii variety of applicaiions and ha\i 
any facility with languageSf you*Il 
want a copy ..." 

PC Magazine 

Become a Windows and DOS 
integration hera 

With Bridge, build workstations for sales 
reps, secretaries, financial analysts-aiiy job 
function. Select the best custom and off-the- 
shelf Windows and DOS software to do a job. 
Integrate and enclose them within a user- 
defined interface. 

Bridge helps you give users productivity 
tools to exceed their job descriptions. And 
keep them insulated from the technology. 
This frees users to discover the M capabili¬ 
ties of their PCs. Which in turn helps them 
do their jobs better. This increases your 
company's profits - even its competitiveness. 
And this leads to greater recognition for you. 



Iitih intii: — 



Create prototypes to make 
complex desktops seem simple. 

Bridge makes it easy to quickly create work¬ 
ing prototypes. Use prototypes to involve 
users throughout the development pmcess- 
and assure quality. Prototyping is so fast 
with Bridge, you can make revisions on-the- 
spot while running demos with users. 

^Bndge/286 and Endge/386ailow 
corporations and programmers 
ihe Windo ws environment to automate 
tasks and functions easily,, .Bridge 
provides users %vith tight control oitf 
their Windows enifronmentJ* 

PC Week 

Solve 80% of your PC problems 
with 20% of your resources. 
With Bridge you get to fully exploit the 
capabilities of the hardware, Windows, and 
applications. It enables you to build standard¬ 
ized workstation environments that boost 
productivity of entire functional areas. The 
workstation^ functionality and ease-of-use 
means I/S members will respond to fewer 
mundane requests. This win give I/S mem¬ 
bers the opportunity to put their skills to 
best use. 

Compare the advantages. 


TMt Is a sampta a hsltit fili> iRini bridge 
Thesft scalpte mete i1 eafij* t& (tevekip worlt- 
EmlDnj|ii.W1nd[MA. 






How Bridge makes V^dows 
development fast and easy. 

Bridge is an interactive control language that 
actually contmls Windows and DOS appli¬ 
cations. It transfers data between applications 
using DDE for Windows and its own mail- 
boxing scheme for DOS. 

Unlike C, Bridge does not have to be 
compfled. An integration project that would 
take weeks in C can be completed within 
days using Bridge. One developer told us he 
reduced two pages of code in C to one line 
using Bridge to launch a program. 

Circle 575 an Reader Service Card 


User-defined menus 


X 

X 

X 

Qstoira dialog bewes 

X 

X 



Iconic inieriace creation 

X 



X 

Userdriined hot bys 

X 




Intfirpetive baich language 

X 




Debugging support 

X 

X 



Support of DDE 


X 



Application laurvcher 

X 


X 

X J 

Simulate ki^m>l<es lo DOS 
& Windcjiwi applications 

X 




Intaproccss control over 
NetBIOS LAN 

X 




Control of/& communication 

10 DOS applications 

X 



t 


Get the benefits of Windows 
without sacrificing your 
investment in DOS! 

With Bridge* you're not locked bto any 
particular type of software to develop in 
Windows. Integrate any Windows and DOS 
software with multitasking in a unified 
graphical interfoce. Get all the benefits of 
Windows without giving up your company's 
investment in DOS! 

Training and support represents roughly 
two-tMrds of automation expense. Easy-to- 
use workstations designed with Bridge will 
significantly reduce this expense. 

Bridge will support OS/2 Presentation 
Manager. 

Phone for a Free 
Information Kit* 

Phone now for a free Bridge Information Kit 
including brochure, demo disk, and product 
reviews. 

Or order Bridge for a 
30-day no-risk trial. 

Try the Bridge Tool Kit for 30 without 

risk. If you aren't completely satined, return 
it for a full refund. The Bridge Tool Kit 
contains everyth^ you need to build work¬ 
stations under Windows including Bridge/2 86 
and Bridge/386 program disls and documen¬ 
tation, the Bridge Editor to create dialog 
boxes interactively, an icon program, an 
encryption program, examples of DDE 
capabilities, and documentation for 
messaging. 

'Fhe Bridge Tool Kit sells for $695. 
Please inquire about volume discounts. 

No-Risk Guarantee 
Try Bridge for 30 days. If you aren't com¬ 
pletely satisfied , return it for a full refund. 

1-80(H(5M190 






The Softbridge Group 

Softbridge, Inc. 

125 CambridgeE^rk Drive 
Cambridge* MA 02140 


Actor Is a registered tradEmarl? ofTliE Whitmater Group. Cominancl 
Post ts^ rradematl! ol Wilson WlndortW^re. Wmdows Express is a 
IradEmark Dif iiOC CoroputerCorperatiQn. BrtdgE^SS andSildgE/aas 
are trademarks of Softbridge Micrasysiems Corporetlon. Ttie 
Softbridge fogd is a registered trademark oif Siaftbridge, Ino MienDsofl 
Is a regi^red tfademark and WindcM^ is a nadennark ol 
Corpoikion. 
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[ntel 8028G12 MHz Microprocessor Hardware 
and Software Switchable Between 6 MHz and 
12 MHz 

MS DOS, OS/2 Compatible 
1 Meg Q-Wait State RAM 
80287 Math Co-Processor Socket 

Phoenix ROM BIOS Plus V-SaO with Built-iii 
Sd Up 

2-Serial/1 Parallel/Game Pori 

Eight Expansion Slots |6-16 Bit and 2-8 Bit] 

2^10 Watt Power Supply 

Real Tune Clock/Calendar, with CMOS RAM 
Buffer and Battery Back Up 

Both Ihnc L2 MB and 1.44 MB Floppy 
Disk Drives 

High-Perfornmnce Ibshiba 60 Meg Hard 
Drive (2oMS) 

i to 1 Interleave 2 Hard/2 Floppy 
Controller [800 KB/Sec Hranfer Rate) 

High-Res Amber Displays with TiJt/Swivel 
Base 

Hercules Graphics Controller Card 
101 Enhanced Keyboard [3-Year Warranty] 

MS DOS 3.3 or 4.01 with GW Basic 
FCC Class B Approved 
Norton S.l Tbt 15.3 


Intel 8CI2£^ 20 MHz Processor Hardware and 
Software Switchable Between 8 MHz and 
20 MHz 

MS DOS, OS/Z Compatible 
80287 Math Co-Processor Socket 
2 Meg OWait Slate RAM 

Phoenix ROM BIOS Plus V-3H0 with Built-in 
Set Up 

2-SeriaI/l Parallel/Game Port 

200 Watt Power Supply 

Eight Expansion Slots |6^1G Bit and 2-8 Bit] 

Real Time Clock/Caiendar, with CMOS RAM 
Buffer and Battery Back Up 

Both Teac 1.2 MB and \M MB Floppy 
Disk Drives 

High-Performance Tbshiba 60 Meg Hard 
Dnve (25MS] 

I to 1 Interleave 2 Hard/2 Floppy 
Coitiroller (800 KB/Sec IVanfer Rate] 

Milsubishi 14^' Diamond Scan Monitor 
800 X 600 Resolution 

Paradise 16 Bit Plus VGA Card 
101 Enhanced Keyboard (3-Year Wairanly] 

MS DOS 3.3 or 4.01 with GW Basic 
FCC Class B Approved 
Norton S.i Tfesi 28.2 


Intel 80386 SX Processor Hardware and 
Software Switchable Between 8 MHz and 16 
MHz 

MS DOS, OS/2 Compatible 
I Meg 0-Wait Slate 80 N/S RAM 
80387/SX Math Co-Processor Socket 

AMI 386SX - BIOS with Extended Set Up 
Program 

2-Serial/1 Parallel/Game Port 

Eight Expansion Slots (6-16 Bit and 2-8 Bit] 

200 Wall Power Supply 

Rea! Time Clock/Calendar with Battery 
Back Up 

Both lhac 1.2 MB and 1.44 MB Floppy 
Disk Drives 

High-Performance Ibshiba 60 Meg Hard 
Drive {25M$) 

1 to 1 Inlerleave 2 Hard/2 Floppy 
Controller (800 KB/Sec Ttanfer MteJ 

Mitsubishi 14'' Diamond Sean Monitor 
800 X 600 Resolution 

Paradise 16 Bit Plus VGA Card 
101 Enhanced Keyboard (3-Year Warranty} 
MS DOS 3.3 or 401 with GW Basic 
FCC Class B Approved 
Norton Si. Ttst 18.0 


Full 1 Year Warranty (30 Day Money-Back 
Guarantee] 


1 Year On-Site Service Contract 

Full 1 Year Warranty (30 Day Money-Back 
Guarantee] 


I Year On-Site Service Contract 

Full I Year Warranty (30 Day Money-Back 
Guarantee] 


le paemge you re 
looking for, with 

unbeatable 
service coverage! 


EPS 80286-12 MHz 


'(-,i EPS 80286-20 MHz 


OiderTonFree 1-800447-0921 

* The brands or product names mentioned are trademarks or registered trademarks of their respective holders. 

Prices and specifications are subject to change without notice. Circle 542 an Reader Service Can! (DEALERS: 543) 
















Terms and Conditions 

• Full 30-Day Money Back Guarantee 


Intel 80386 20 MHz Microprocessor Hardware | 
and Software Switchable Between 8 MHz^ 16 
MHz and 20 MHz 

MS DOS, MS-OS/2, SCO XENIX and FC-MOS 
Compatible 

I Meg 0-Wait State RAM Standard On 
wrd Memory Up to 8 MB, 1 MB/Z MB 
when using 256K DRAM, 4 MB/8 MB 
when using I M Bit DRAM, Expandable to I 
16 MB 

Socket Support lor mill, 80387 and Weitek 
Co-Processors 

AMI 386 BIOS with and In ROM Set-Up 
Routine 

200 Wall Power Supply 

One 32 Bit Slot {5-16 Bit Slots and 2-8 Bit 

Slots) 

2-Serialil-Parallel/GatJie Port 

Real Time Clock/Calendar with Battery 

Back Up 

Both Tfeac L2 MB and 1.44 MB Floppy 
Disk Drives 

High-Performance Tbshiba 60 Meg Hard 
Dnve (25MS) 

1 to I Interteave 2 Hard/2 Floppy 
Controller (800 KB/Sec 1>anfer Rate) 
Mitsubishi 14" Diamond Scan Monitor 
800 X 600 Resolution 
Paradise 16 Bit Plus VGA Card 
101 Enhanced Keyboard [3-Year Warranty) 

MS DOS 3.3 or MS DOS 4.01 with GW Basic 
1 Year On-Site Service Contract 
PCC Class B Approved 
Norton SJ. Tfest 22 J 

Full 1 Year Warranty {30 Day Money-Back 
Guarantee) 


%795°° 

4-Meg add *395,00 


Intel 80386 25 MHz Micrtiprocessbr Hardware 
and Software Switchable Between 8 MHz, 20 
MHz and 25 MHz 

MS DOS, MS-OS/2, SCO XENIX and PC-MOS 
Compatible 

4 Meg 0-Wail State RAM Standard On 
Board Memory Up to 8 MB, 1 Mfi/2 MB 
when using 256K DRAM, 4 MB/8 MB 
when using 1 M Bit DRAM, Expandable to 
16 MB 

Socket Support for 30287, 80387 and Weitek 
Coprocessors 

AMI 386 BIOS with and IN ROM Set-Up 
Routine 

220 Watt Power Supply, Tbwer Case 

One 32 Bit Slot |5-16 Bit Slots and 2-8 Bit 

Slots) 

2-Serial/1-Parallel/Game Port 

Real Time Clock/Calendar with Battery 

Back Up 

Both lhac 1.2 MB and 1.44 MB Floppy 
Disk Drives 

High-Performance Tbshiba 105 Meg Hard 
Drive |25MS[ 

1 to 1 Interleave 2 Hard/2 Floppy 
Controller (800 KB/Sec Thanfer Rate) 
Mitsubishi 14" Diamond Scan Monitor 
soft X 600 Resolution 
Paradise 16 Bit Plus VGA Card 
101 Enhanced Keyboard |3-Year Warranty) 

MS DOS 3.3 or MS DOS 4.01 with GW Basic 
1 Year On-Site Service Contract 
FCXl Class B Approved 
Norton S.I. Thst 28.1 

Full 1 Year Warranty (30 Day Money-Back 
Guarantee) 

«3,695‘>° 

Call for Cache 


EPS 80386-20 MHz EPS 80386-25 MHz 


Intel 80386 33 MHz Microprocessor Hardware 
and Software Switchable Between 8,10,12,16, 
20, 25 k 33 MHz 

MS DOS, MS^S/2, SCO XENIX and PC-MOS 
Cbmpalible 

32 KB of Highspeed (15NS| State RAM 
Cache 


4 MB of 32 Bit DRAM On Board using 1 
MBIT DRAMS 


32 Bit Memory Expansion Slot for up to 
16MB of Fast Memory 
One 32 Bit Slot (5-16 Bit Slots and 3-8 Bit Slots) 
Shadow RAM for ROM and Video BIOS 
Sockets for 33MHz Intel 80387 and Weitek 
WTL 3167 Ftaing Point Accelerator 
AMI BIOS 

220 Watt Power Supply, Tbwer Case 
2-Serial/1 ■ Parallel /Game Port 


Both Tbac 1.2 MB and 1,44 MB Floppy 
Disk Drives 


High-Performance Micropolis ESDI 150 
Meg Hard Drive (t6MS) 

Micropolis 1 to 1 Interleave 2 Hard/2 
Floppy Controller 

Mitsubishi 14" Diamond Scan Monitor 

800 X 600 Resolution 

Paradise 16 Bit Plus VGA Card 

101 Enhanced Keyboard (3-Year Warranty) 

MS DOS 3.3 or MS DOS 4.01 with GW Basic 

1 Year On-Site Service Contract 

FCC Class B Approved 

Norton ST. Tfesl 42 


Full 1 Year Warranty {30 Day Money-Back 
Guarantee) 


« 5 , 295 o° 


RO. Box 278 


Oh, and while we're at it, better service too. You see, EPS Technobgies 
knows that giving top-quality parts at a great price isn't good enough. In 
today's market, you have to truly build a better mousetrap... one that 
combines the best parts at realistic prices and has a full service program — a 
full service program. 

When you purchase an EPS system, our service company, Memorex-Telex 
can service your office's system with the same efficiency as the one in your 
home. That's right, your home. Some companies think that it's sufficient to 
leave the responsibility of service with you. Not EPS. We provide on-site 
service for our customers. If the rare possibility that you need service arises, 
don't pack it up... we'll be there. 

EPS Tbchnologies. Better parts, 

better prices and better service. Come UPC onQQA Q*! IVAU'? 
to think of it, that's better value. oUdOD - 66 MHZ 

Plain anH simnlp. 


• MasterCard, Visa and Discover Accepted — No Surcharge Ir Jefferson, SD 57038 

• Allow 2 Weeks for Personal and Business Checks to Clear T1 605-966-5586 

^ ^ * -ji-j I ^ II r_ r-v i. M__ Qnri-ATV-nQ?! 








Value, Quality, & Service to Var & Corporate Accounts 


STAR ARCNET 


A.K44 (O waH) .S849 

. 1MB manyM^, asftijil and i pwair*! pwli 

* Nam and floppy driw c«ilTDll«f 

> 1.3Nie lloppy driwt. 101 k*y anfiancad 

. POOcIflflra B, ULIislKl, JbUB Byrtarn imckt by DTK 

* ftfQ ovwitbla in mini toUnv} un tri 4 ahp. ilOli 

A.\4^ Cti ,m20MHl EU wilt) .$17vy 

» iMQ SCRAM, axpandaUs lo 4UB. AT Uu 

> Nafd and Happy drtva eanim<l*f 

■ 1.2MB liCppyPtiv«. 101 key ennanCAd kEybaanl 

B FCC clatt 5. tmu msda In USA GSB 

AASl t'Et 3!l*/ZIIIVfH i Hpliy .SlJtHJ 

. IMG F1AM. expandatA* u 4MB 

■ hlard end Itoppy drive canlrdllar 

■ i|.2MB floppy drln, 10l kay enhanced keyboam 

* FCC Clas* S. UL Uned Bm *y*l*rn mad* by DTK 

AA52 CEI aSA^ZSC .. $1WJ 

. IMG RAM. expandabift bo SME. QAK C*ph* 

* hlard and Happy ddv* oontrollat 

■ 1 .SMB floppy drNp, lOt key enhanced 

■ Baba aydam tnadfr by PTTK 

AA53 CEI J8<y33C SilW 

■ 2MG RAM. eicpandabl* to BMG. B4K CacAe 

■ Hard arid floi^ dnv* casnlipllep 

■ 1.2MB floppy drive, IQI hay anhani^d kayboHdl 

■ Banr tv«l*m m«d« by DTK 

AA16 t.Et3Sly3Jt: iD mit) ......... 542W 

1 4He ¥tatlp wlMcnn maifiPTy 

■ ESa hard and lldppy drive eamrallaf 
B «che, axpandabla Id 64K 

, 1.2Ma floppy ddw. 101 kay enhanced iMfyUwnd 

> Aleo avadabta at SEMHi (AA19 »BeeO 

i FDC Claie A. tuaa lyibtfn made In UGAby GSB 

AAIM Cbkonr Uplop MHk . Um 

t Get PleHTiL ffEAT Chipui 
1 000x400 GCyi Mpde. i MG RAM 
. Par, Ser Porlt, 1.44MG fOO 
. 10MB Hard Drive. HrFDC 
, FCC OaB B 

t AU ky«amt !fl»a S moniha lirnhad warfanty nn parti 
■nd labor 

i Atlex 20 dayt liofn ihipping dale, all monllore & pdnbaii 
wnrranllax araearrled ©ut >y Ihe manuipciijrer. 


MOTHERBOARDS 


Atn iUtHMHK PhoenbcBIOS. iMGKKi (V«>i . . . Eit2 
AIM l(l^m^Php«(aH BIOS IMG lOK} IVIP] . . . E»5 
AIU 2»60UMHlC Baby Slie.Awud BIOS [DTIQ . .1219 
AIT 2}M-J2MHiGBPy5ize.ivrP SP^.IDTKl . .f259 
AIL 2!l6‘JlilktHiAT'^B. PtraanuBlOSCVlPi . .S229 
AIS 2116^ I ilM Hi Baby Si*e.Phx Bibi .IMBlOKj fwIPi |219 
A Hi 2N«^12IV1Hl Baby Sbi.Phk Qei iMB^OKl 5249 
AJ9 2NA 12Mill AT'* Sue. PUomui BIDS fVIPi . .5259 
A21} 2IWi KvMHl Baby Srn.NEAT- chlpa^lOS [ITTKVH9 
All 2HA I6 MHk Bflby Sfi*. NEAT*. AMt BIOS (DFI> 5209 
A22 Ihltr BMry Sin. AMr BIOS rpFlf 5399 

A4iH .LKfkSX EfrMlli Gaby !bia. bids EDTK1 . . . .5429 
A5fi .msx I AM Hi Baby ^e. Phaann SOS l^Ti5,T99 
A32 JM 2UMI ti AT* Sm. 4UB(1MB|| Utirig SCRAM 

Award BkDSiCSSj JIJ99 

A4T 3Lt{] 2()MLLl: Baby Biia. BCiS. RAM Card iPTKi 5749 
A5£ JKfi 2Ui51lli Gaby Glia, Phoenix GlOG iGLT> 5499 
AMI .Titfi 25MHI AT* Size. Award BCS. GEKcacbt. 

4MG SCRAM on AMG 32-bli ram»rd lC99l ■ 53299 
A49 3ltti ZSlVlHi At* 6irti.0*IK C«hajWH?(JKj |DrM.199 
A35 3.TMJii AT* SUa^Awnrd BIOS,a 2 K cai^. 

4MG SCRAM on AMG 3243rt ranMUirrt 4C$Si . 53799 
A54 ,13 M Hi BIDS. MK awh, [DTKJ _52499 


B[i5,i24,(V5 ITutk''(:rtnw/Prtfl!rrCuril . . EllVl4'J4 
HIS EM.SninlJMBlQKHEverex] ..... SA.A 

K,T(i l/(K’iiinl wjF.a e.cpTKj .......... 545 

H4LI Mumhiihcllun3!f4K inCi lO^^i 575 

11,^1 Mulll li()w/P.flC.Q.FDDC(OTKJ ...... 552 

H7J) KAM t.’urdMDKraKl'PTKj ..52« 

Il75;i7li «S2J2 (I'l. DTK>r|41. DFli ...... .52^79 

HM5 2nd Srrlnl Pihrl Ki| lor BSOnal BSO DTK . . 5lfr 
HHI TEtrb.i>N[Hwd Kiiuiyl SaS^ieMHz CEwiexi ..5269 


ADD-ON CARDS for AT’ 


L’02 EM.S, l4AM3l^rH(D«>EErtfexi.5Hl5 

Lil3 EM.VIIAM-KIVIK fClK|UM4 01Ev>r«i] , . .5299 
niSi/t’06 l/<lP.SiP.9. 0Hofta[DTK) . , , . . .534/39 
i'97 t/L»+ IVH;A P.S.a.MtttiO wi' CBA Bnulabon [DFI)S99 
m 1/0+ P.S.G Port.GQMi 4 cwillBinabl* CDFlJ . 549 

nil/12 t/0+ |2S,1P,H3)r|2S.iP5 . .|45y4J 

t’24/25 RS232 2*.‘i/4's (DFt) .......... 575^ 

L.ll 2nd ScrijJ Purl felt i« QM A Cg4 tPH) , , 529 


HARD/FLOPPT CONTROLLERS 


EIM 5'JH:2*JLGLin I.MM. 1 2M.7»H GBOK , ... 549 
h:Q^ EUf d’k Run 114«. I m. tmk aeOK 
l lnlof 2lfd4 2ExL.w/lPi|Cabla r^Sckmn 

CwiCMJtWaifth FDDCprF.'MDC.569 

E07 FIHJ 2^s Ext or W. PTun I.HM, I .2M, 7S3K^ 360K 
Cen Co^wlM wHh fDDC or F/HCX] ....... 5fiS 

EIH09 XT* HD contrdkr li91Dl 9iKl/x;r43an .56i^'SS 
ElU VI** imCRun ST22G.2S1.DTC519} ... 565 

E22 XT-Ht.l. HllCWDioqeA aTX 565 

L1 2 AT* HyltH 2:1 MTH. WDlOOSU-MM? (MU . 51 IN 
K46 AT* IWIX: WDchip-at i i kHerieav, , . . S«9 
E47 AT* H/FLK.’WDchlpwt. I l Imerleava . . .511)9 
E3S AT* HD<.‘MFM.iM>.i(»3VMMl tWO) .... 599 

ElJf AT* HIX MFM I 1 inierleave WDl0069*tMl 5119 
E19 AT* H/KHC MFM.1;t.WDi[]£ieVrM)tfl2 . . . .1129 
tJO AT'HIX’ES«1:l kw*rteava.M:>i®7 WAN .5169 
Iu31 AT* Il'TIK' eStH, 1 I tniarlewe.WD 100? WA2 5219 
bM AT*H:iTilCeSOI,WDChip**i. lillnlMtavi 5199 
E4I> AT*HU SC!il Hukl AdiiplcrSblttorOSl , 565 
E42 AT* H D XCSI Hint Adnplcr 16 brt {WD) . 5439 


■ 

K72 I'lUi it KlUi, AixPbl fl btt.. 589 

K35i'37 CiMft An fvel a EkVie tm .. 599/3119 

Kl I 15' Armtt Cable S3 OWfl RDK. CoabaJ . . 525 

KO MO HubAebveg yftBshfflrl-i.5289 /39 

K71 HluifltmuiArenEtabft., 5109 

K36^39 Cnel ArcnrlGblLriG Ul ...... 5119/219 

KIN Hub T ermlnularsa ahma ..58 

HaBBH 

K3-l'JH Lncl Artnrt Ada ptrr 6 biuT 6 b*t .5129./ZJ9 
K4fi Aetivr HubG i .. .$499 


K7U itOM EtherUnk II 430503 .5379 

K77/73 IMua Si Ptue Elhmiet e bitrtw HbU 5 J 79/339 

K3Z/13 (lncl ElhcmEt a bdrid bit.5179/299 

K10/05 EthEmrl [25'Crtiel/ITermIbaiflfi . . + S36/fi 


COAX ACCE5S0RES 


KU4/14 BNf T AdApiar/Crimpins TobJ ..... HV2S 
KI3/15 liNf Crimp CVnamorlrw Arcsnel/Eshemiifi/fc 


K06'*6 4 BS231 fiKT X^jiJx (dfl|/lA$Tl .. 5169/429 

KQ7 Termibul WyMr-frfl wIBv KBO.5469 

KI8/n Oimpiilnitir tt'^232 aD6a^2 4 B/a^ . 5399)599 
K5lr52 Cnm|Hltnptl(aiW*ariaa -5999/1599 


(140 T»px NElwnrk .SnUheurr fnr MacinHb.h 

to«inn*cl Id PC, UbPj. 6 MdiiTpali ..... .5189 
K41 Tups Nrlwark Sottwtttt Tor IH3S Systems 

tabanoBCIlDPC. Unu AMcedcnb ..5149 

K42 T(ipx Kltis beard PC" ar AppWalk iWwirt .5199 
K43 Tups NElprEnl PC* thiuei Apfpkrtalk pHttua $159 


OTHER NETWORK 


klo Iktiud 50 ohms BMC.. - - $8 

KKO/GO Tuki n Card CompaUile WC/Cmw 5Cttll/399 
K5I/53 Tukea King HBM_> MapMrrAilflpfr II 5699/799 


FLOPPY DISK DRIVES 


S«]|,'1l2 KH|irstt .l6liKFivKT*;AT-[RaHrtUi . .56S,'6II 
ix>3'0£ KaiU!}Ull2MBOtav l^i/IT44MG KiO %tim£ 
iJ III) 11 Tenr .3fi0h pfT* biwki/lAT* sriy) . . . 572/76 

DI2 Teae 1.3MB Gray Pwe .585 

tl 13) 15 Tent: w/ MdvnIinQ Kit rajKN 44JyiB . . . 579)89 
t>2th'l>22 Tuxliiliu 730K wiu* Mtottreiing Kll/Nd KHS7W74 
1721/1.3 Tushiha 1.4M with Mounlino KrDkb Krt 5K9,'84 
D3ED.12 Lai I .44.M,T2E)K fle/conliKEpo conb] 5249/199 
u,35 Ekrt^nwl 11 Mi'360 K fljf Toihlba lepltip . . $249 


Fortune lOOO.Eovemnient, university PO^s welcome. 

*= COMPANY 
POLICIES: 

Ns: 


PU4 EMS 4MllOK(Ev*™xi .. . .$319 

HI9/20 Em 360K lor EPS)2))iPG/aiil»2W3 . 5I79/2IN 
HICW17 EaI 1 lIVi ll lor iPG/IKPF^/^MgO'SKi 5199/229 
PIO EsI 1JA1B lor PS/2 MSQZ.55SX.70 eo . . . 5279 
H45/46 L.xt l.iUMBhi i:PS/2;[/(FS)aklX)'2Sei 5249/269 
P5U/51 Innn 4U M E Tttptt Gw w) Adapt Int^Ni 5599,>759 
t>56,'57 ArcUie 6661B Tape p™ VP60 Nutm 5999/1199 
FlI/lT ll U ht, lor Mbdar 30 (CHS) 20MB/3gMB5399/479 
PI2H)26 HU Iftt. for Modal GO IDMS] 40)^B $599/999 
P,35 60M11 Inf JTbts HD Kir Mpdel 30a. XQ fCUg} . 5999 
P24/21t HDESDI.6irMads0e07Q/llGMe .£899)1359 

F36 60MBHD23metwMo<W«)iPriam)_5799 

P31/32 HD ESDI. zam. tw MtxMieO, BO 0iajn) 

rOoMB.'^aOMe .$1799/2699 

H44I MOMS (NEC] . , . . _ _$ 1199 


COPROCESSER & CHIPS 


Ml 1/12 EiU2S7-H-in . ..$219/239 

MI»ft'(W.D7 6087 3-2-1 . 599/1,39/179 

M14/15/16/17 Ilili387-I6< 2[l/-25/-33 5339/399/499,599 

.Mi6ali3H7.><;X-i6 .1319 

M2U,'2l V:2tWl/Hi .. $1(1/14.50 

M6U/bl 2764-2im)27128^2« . $4.75/3 

M.ill,3l/3J DRAM 64-13/12/10.$2/2JO/2.63 

W2/34 4464-12^10 ............. $3/3.^! 

M4W4I/42 256-12/-10/4 ...... $3JS/3ii9/3JO 

M43/46 2S6jt4 DRAM 4) lO__ . $12.50/11.5(1 

M78r™ 1M Hxl DRAM ■ 10/-8 »gr Alfl $ 11,50/12 JO 
M)i3/84 IMG SCRAM SHfiir CBS A3Z/MQ $279/279 

M5J lMBSetfo.CSSA3a .$339 

MaCkTlr? SIHP I MHv9 -ny-B.5139/149 

M81/73 SIPP 236*9 $49/35 

M90/9i SIMM 256x9 (wP3)£ Mod 30 12)10 .$69/79 

MJt9SIMM236i9soni . $65 

M92 SIM61 IM IU9-1(I lor PS)Z Mod 3Q2aG . . . $ 179 
M93/7II SIMM Icir PS)2 6QA ao 1MBx5/2MB hi^299/499 
M9A'VS SllVt.\1 lMHx9 lor Mod 7G eei/JV1 $259J59 

M% SIMM I M»s9 lor PS)a Mod ® . ..5279 

M97/7I SIMM 2MWi9 (Milor PS/a TO EST)A2l499/499 
MWt/72 SIM M 2 MB w iDf PSa TO -n i/-ai 1 $499/499 


1310^4 Evrn^v 1200 5n)(Em OEM).$39/98 

Cl 1/12 Exrrbx 24110 M/EkI $129/169 

DIG Everei 24[H! Inl (DT PG/2 .. .$119 

U1 7/1A Lveitx 2400 wilh MNP UvbE 5 InIDEil 5149/199 

4;i9 EvrR'x96fK) ....5Cnll 

iJOl EvErex LiaXnntrJEai ExiBrnal ....... .$259 


HARDDISK DRIVES 


LM2 MlLruiiEdiv 1375 150MS. SCSI, a3MS,H/C $1499 
tM.1 Mkrn|Hilik 1578 330M& sea. tame w/C $2199 
IMJ Miei..pnUvl558 3KJM0 eSPl w/C . . 52U99 

D4fi MaXlitr43!tOE ESmaaOWB 29MBW/C , .52.199 
D45 MaxIurllOll F50MB 2Grtii w)C ..... 51699 
IM7/48 Mamttr 155MB |ESDli/l9CSI) . . . $1699/1799 

1179 ( UrTLIMH MFM ..$659 

1180/HI t DC E5C(. tern*, w; C. WMB/ISOM^ 1299/1899 
IJ82 ('Ilf '.18311.120MH EStl. 11 Btnx.w/C . . $2899 
|)50'5I Stitgwlt NTJ25 aoMB Wb&ive Only $259/219 
U52 SEngnleST2.1«w/Comr.306®65fni.tBrXT" $279 
DS7 SEttjinlE STi.18 w; MdunUne Kfl,!)0MS.40rna $299 
D38 Srim|WltSTl25aOMB.40mii,HH.ahiaOftiy .$249 
DS6 SEUHttle ST23I-I lOMe.aGrtH. fer AT* . , , ,$.149 
Dfld SEBinile ST277N SCSI,60MB.«mx.HN . , ,5599 
LHII .'ifunalE.SimjN SCSI.S0MBJGmfc.HH . . .5659 
DSS .SranntE.ST4U96B0MfiJGmfcli3rAT* . . , ,5629 

D95 Pla.h H ard Card 40M 0 ___5719 

1196 Hla:x Hu.s>pan aoMB F^mt3yaBie HD . . . .5*59 
D97 PM.>ik|hrrl Pf.'Adnplef 6: Hn.Mr Kil . . . .5319 
mid/111 CD Kll6l540MB(NEC)£i.t/tnl $1099/1(129 
tHt2 WORM SCSI 2«)M0*/Adapjar)Panflaonrt:$2S99 
11113 Dthk C LiiridijclQQMGlM Dll? - . . . . .$119 


VIDEO DISPLAY ADAPTERS 


Vdl)l(S3 Crjlur liraphic: w/pnrt»r [»dA4J)43 

V2IV22 Mttnn (imphic W/1‘lUTK^'/Genanc) . .$46/35 
VJfl E(:A Aybaivffien.MOk4SO.l3anli.(Ewlixl - - ^SI09 
V.12 E1 :a Aa1xnifi4et).640ii450.PwichiaCbip ... $99 
V44 VX;a IS GlI.ParadiBa Chip&ffI rPlua A Plirt) ..$169 

V46 VflA I6buffiverm.| .$(99 

V50 Suiter VC A 1024 X reaTaang Oipavt , . . .$199 
V66 V(: A Winder GOO k «0,1B bn (ATI OEM) . .$219 
V73 VCA WulltlErw/ MudiE lOSa x rsKlfton. 

aS6K(AnOeM|. .$279 

V74 V{;A Wmidrr ii»4 x jgS.iS bn^asSK lATI OEM$259 


101 /04 HTC (84 key vj/( IIII k+yit I ,.$4A'S4 

1112 101 Keyii Ein6«iced, aidh . . , -.$55 

111 Chieuny 1Q1 kttyf ... $65 

120 KeyTninie 101 Kevh- ........ 565 

H8 Mitsumi III! Revs Made InJapan ..... $65 

103 Mini 101 Keys '. .$54 

LI 1/32 ICeybbard DrnWEr labletophrndertatsla .549/35 


TAPE BACKUP 


$10/11 t nlipniUi-MrinSj^loNlGlnKExI . $27y).l79 
HIXlN Invlu Ini (ISOMG2lZ]0)(l5OMBtitSl|5799/l 199 
l'2.1Hr29B ln»in Em (7i5 ioMbkjtbb boMB) $699/799 
1-'30)3I I n»:l a AT' 1*1 (2020 20M8J/(a010 lOMaj $439/579 
k>l/J5 I min Kil Ext (IKW aOWGl/tHSA 40MB$499j729 

^■4^D41 KyefTfcSOMBim/Ext.. $79'J/N99 

K42/A1 Evvrcx (IS!lMGlnO)(l20MBEiil) . .51199/1199 
K24/25 Aftlilvie BOMB (PTeo &fl|y[STB00 tntJ $69‘J)69'1 
K26 ArLlnVr,ST6(Mi,S.M25WHlnLBMG)M . . . .$899 
K6U/61 ArtldvD MMO (VRWI lnl>/[VP60E ExtJ 5899/1U99 
K62^'63 An-hivt (MICE 4t)MBi)T55B0l BOMB) $549)379 


TOl)U2 2 Wuj pCN36F.lD0£SFj)(lCP4»F.2tlH£SJ$J6/lO 
TO.1/04/11 2 Way 0 CrOGFl/O 0>S45Fi/I3 DBgF|2(l/2[V20 
TD5A16 1 Way CruM (4 DB£5F})f4 CN3SF1 . . -$35/33 
TIO 2 Waya6PmF6 2-$Plii F[MDtiiKx.KBD] .. $35 

T07,1I8 1 Way (G RJ11 FJ/p fldMf) .530/30 

.07W711 Way/4 Way (Mi-tor j. km) tor pS/a . $35/50 
Tl 2/13/16 4 Way (5CNMf))<SDEaF)/{SCWFj 535/35/35 
Tl4 AUCU MultixEriai [4GBaSM lOBaSFi ... $45 

TI5 4 WayllCNGSf 1DG25F) . . , ..$45 

T20/2J 4 Way (SflJT 1 FDiSRMSFl .$50/50 

TI8,'19 WTypEaite^out(D0SFl)(CN3SF) . . .$55/55 
IJl./W Printer OuflEr aS6K Parallel/Seriai . $199/269 
T4i:V4J 4 Way Auto-Scan Switoh. Parall«l/5*rl<d $ 119/149 
T30/32 H Way AattScan Bwteh. ParnHel/S-rjil $ 179/199 
7^lk/5l t:upvErtEr (par Id Seri.'[Sar lo Parj ...569/69 


PRINTER CABLES/ADAPTERS 


VI.1 H$l 4'“ Handy lmii|$e fktinner (HSJ/MW +) 

PoitatM Six* PC PiinlbruEh.lOOOPI . . . ,5199 
Vll l]('( 4*'Hand} Imace SoinnErfar PS/2 .,5279 
V3ll (K'k fur DU Handy Scanner for ¥13 . . . 589 
V31 (K' K LKdiixr Can 4Mad Mmt MB0aiini Tejd 

loT Via DR Handy Scanner.. . 5189 

V27 (iEnldn M'Handy Imn^e,ScanFH-r , , , ,5599 

Vis VidEO Crtlfhtr Griibt Picture fleni TV. VCFI, 

Cenena Oiw CronpulH Hchw McMle (D^ . .$229 
VI8 Lvem HuUiwl Scaniwr .. $1399 


MOUSE & DIGITIZERS 


VUIA Cenlu-s Muu.ve t7M6X GefiM w)Orlwi . . . 538 
Y2fi liEllillv Mi.ll« tlMMlOO tt Halo H. 

h4l Raa. 3BQI7P). 200-800 Dynartnc DPI.553 

V25 lrfmu^MiMU.et;M-U2 toiP6'z.565 

YO.DIHS Jonsitn. MuUsc SeriuL^IMii.$69,75 

VOfi l-q^lCC Hi Herr MtHlSE Gui .$89 

Y22 tieoiUM DljfltJiJriu laiilet t,T-l2l2A 
Bummiigriptaq CompeUbhf. la'xl? 
tk Hktatfl. lOOairoaarlnch wwhx wlih Antcicad $29V 
V26 Sunuiiar-iielcli la'xiriSiJtnrnaaraphioi , .$.179 


BAR CODE READERS 


V4,^ im Wimd flfc tJci.iidel ErtvoiaiaaKayiMBrd $299 
V44 HTC.Slul RettrlerA tJtiCudrf Emuleiwa KbU $319 
V43 Slid ware rrm HTC Bar Clide .$269 

VSO Teebway 5W4IU Etar Coda Keybcetd Eniulfl!Dr|249 
V51 TEi bway 8 W42U n$232iKl Bar CiMa Flaxdai $269 

¥12 Trrhway XWA10 PtwoCrie Gar C!ode Ftowler 

oax Memory or OalaSloiaije ..,$499 

V16 icdiway 8W4L3S 4 Due LCO.PRisrafiimable . $659 

133 Tn'liwav 8VV4Jti Bar Code OOlne Readei . .X369 
VS4 Tcvbway 8Wfp(37 EZ ftircode ll Sortwx« Pacxaoe 
lot prinllnabareMdia ..-$ I ■ 9 


ES0I/U.7.V74 Printer e'/lO'/ts/zs .... $7/12/20/30 
NS3)54 6' to HP Lastr Printer tram AT'JXT" .515/13 
Nd4 6'Ontrunk-16P M/M ParallBl BwdctibD!) . $10 
N39/37 DB2SL-CN36M/Dli25M-CN.16M ... SO/)! 
}S36/3ft DB25L-CN361')DK25MA:hJ6L . . . $|/1 


SERIAL CABLES. ADAPTERS 


N05/D6 S'Muckiti Calile E3G2B F M Xr")AT" . . .57/7 
N44i/45 Serial AdAptm- Da25M-t>fisF)DBa5F-D£igM5S/5 
N9U/91 Adapter De25M De»W0a2gf-Dfl9f ... $5/5 

N811/81 Adapter Rjn-Deas/RJi 1-009.$7/7 

Nai)BJ AdjiptrrfW45-E>e£&lU1S-DS9.$9/9 

N(12/77 DH2S M/M 5*ry Swilt4ib®ii ff/Iff . . . $7/23 
N:78/79 lj ft9 M)M SiertM & momtw ewiKhbox e')ia57/23 
NeJ)7(] DB25 M/L Serial ExianAim S'/tB' , , . . $7/23 
M71/72 DR25 M/L serial Exttnliflu2S/BO , . .$30/45 
N16/19 2nd SO Cunneetur (roT DTK) XT*/AT*$7/7 


DRIVE CABLES'^ ADAPTERS 


NlN/13 Xl HU Cable/AT H&l' Q Cabki . . 17/10 

N2a/21 LDC Cable XT*/AT* .$5/5 

N6S/64 V Tielll DrtiT Puwer Ada pier 5^-)2.5- 17/7 

N6fi 5 J5" tu 3 IJrlee Pmi¥r Adupler .$7 

N55 SC-SI Llal Cable )IIK:tiD/IDC90i $12 

N67 Lmvraal Lluppy l>rive Ada pier loi a drl+Be $23 
IS6H 40 lu .14 Pin Hnppy Attupter kr PS)2 . . . $5U 


NtONiTOR A KBD CABLES 


N17/J4 DK9M/LMDnHof ExIenelonG'nO' $7/l0 

PI4 6' PS/2 Munilur Lm Cable HiQh denDtv 1^9 $14 
|•05/U6f07.T3 6'VtiA Adpter Cable 

ior MIUMbmhl/Suny/GBmiuuigrNBC . $20/20/20/20 

N J I/SO MrjidiHjr [Pflwar Cflral))(Ailaplerl.57/7 

NSl 6'Mtm(lur/l‘C l‘(iwer Adapter Cable . . . $7 
NS2 6’ MtinOor Pjiwer Kiilen?.iuii Cable .... $7 

WJS)1U Keyboiird Ext. Cable ff/lG ...... 17/JO 

N69/FI2 PS/2 Kbtl Cnbk Mapter/fAleniWu ,$I2/15 


GENDER CHANGR5 


N40/4I Uft^M-M/P-L ---$5/5 

1942/43 iJK25 M-M'L-k'.. ... $3/5 

N411/49 CEalnjnk!i,16PM-M/K-L.$«« 


NULL lUtDDENlS 


N46i'47,fS7 DB25 NM AOnpirr M4njf-FrM-F SIO/HVIO 
N9Sfl6^97 DB9 (iM Adapter F/MT . . SlWfr'K 
N6a/6t)'62 P«25 N M1 'ubk M-WF-F/M-F .$12/12/12 


ACCESSORIES 


HftI Juymkk .. ..- $17 

H0.l)H04 MSmiS3J/4.0l ..$79/89 

R30 III Plit-E PC T(m)| Kit-. WUh Zipper C«e . . $18 
K54/5I Atlj. Mun. Ajrm'VeftieuJ CPU Stand $89/14 


OTHER WIRINGS 


Nl3 PuWfrr Supply Curd ... $7 

N26 Jumper Bux DG2S MiF .$!□ 

hi3t) HS232 MlnJTem«'wlibLLDi.Daa5WF . $10 
N29)25 RS232 iBreakoui Boxj/[Surpg Prplepipr) . $4tV7 


POWER SUPPLIES & UPS 


JOI/ll! UL Ri*tiJk4niiX‘d |15OWKT*|/(K30WAT*) $49/69 

Jll 2U0W'Baby AT* ULHeeoanirad .$69 

JU5 ISOW RepiK»mtir»t1o< Cumpaq POnabla I ..$239 
JUfi 270WRsp4Bcsnw«ottof CumpBflDaRkiflm , - .$199 
J2.V16 American Puwer UPS S®W)GC0W $399/7*19 
J50/5I/51 TrippJjle 31OTiyi5dW/7KJW .5289/369/529 
JJy Pmerr CtUlcrin/Suige PrmirXof.ACXillet UL - 5-01 
J3l Siin-E Pfuleitor Strip eOuBBia .. .... 512 


UU Suna'iuni! MnmiliS. 13" ..$85 

104 Sp m ia ts^ Mimo 11^ Fiatpcieen Papei^hiia .$159 

U2 Sumiatiy Mnltiaynr 11‘Colgr.$499 

LU]i2tl/-2l SajnjujflMlI’FlQG/EQA/VQA . $239/349,^389 
LJ5/J4 t^jmaV .Munu 14'Amber/flalKimn $129/149 
|J(b46 UuiniJlK u-BQfl)fl4ifliMan ..... $369/499 
tJ9/38 Ulllwax VtiA u*Calflr)MMB . . . $39(^179 


H02/H0] 88 (MrbQ 2 bwnonlf'lsiide fls).$39/33 

H10/11 286 Baby/AT" Si3e ..$59/69 

1114 .ISfi Llpri|;hl Case w/ PS B HH Opanningr . . $259 
1120 External Drlvi* Case 2 HH. wi'BOW Power . $BS 


FAX & VOICE MAIL a. SYNTHESIS 


L!21/24 CiimpleteLft!irtirct40M&l96OOB . 5239/429 
02.V27 Bt)jniuuth Voier MaH sinQH)mul(r-Wrii239/899 
Q3U Hrjirsay Speecn GynflwBki A Voa» GecognltHX^ 129 


^ COM PAN Y " Ibkt. PCk XT, AT. A PS/2 are Irmietiiaric* ol IntomatkMJ Bmliwia uariNna Derptaaflon 
MS DOS $ Uierasofl » badetiurAe UiaoeuR GorponUon 
IS of llwlr respedhie ewnpania* 


Qccuber 1% vm 
For December I'JSV 
Byte Mpgazine 


jol respontibhrlor tyi»9«phfcal«rorfc Price* ere subjecl m change "iiNiaf prtet noUte. Tliece pricn xfiply tn nul nnleri only. Minimum onler 
7[iif56.6D UtW) handling lee Art aacfl packegr. SiappKig lee le eHn i paid by Gintantcr CDD ardm ptem hU tlOd tMn lor uch paeiksge. 
leiuma musa gel an IflHA #. Aft RlMA #'t can only be ira«J on* flmt ailliin 14 daye of nama dal* ft oati itol be use^ Iw any olJior Konw ubmIo 
suthartzed relum Heme. Shaving bach lee mgst be pre^id by tifllomef. All return N«na muit come tuck w4h nunuele £ pechaging Meek In 
rraabable cotiditiofi. Dnamlicriiail rHurni £ relueeO elilpments are aiAgiiCi lo nrx la- 910 noctocklng toe whicliBvw ovnes tanper No rTfand, 
repair or leptaceanont erv deleOlwe (x avompaEitde Homs aflet 2ft deye hxii Ihe date of elUpmem. All relanile haied on Um com of hemtej aniy (Ibis 
cNpping, handUng, bBte-anc*, ind surcharge]. II wifl etso be eubiect to a tttinlrmim pi fiq pr iC».fauiiefcrng clutge lAiichnTOrcomas lugar. W 
day* werranly on elr ttems SKtrepI tf opecilied oihonelse- J"* siircharge Mt Maatercard ind Vtoa. 


COMPUTER EXPERT, INC. 

1501 Broadwovi Suite 2505 . New York. N.Y. 10038 
( 2121840-2010 ( 212 ) 840-7671 Fax: ( 212 ) 921-4172 
Dealer Hoi Line { 212 } 840-2625 
These are mall order prices! 


|(W}: Ketatl (212)391-4597 
Wtsl Coast U A, CA. (818)288-8658 
Canada: Vancoiiver-( 6D6 >2 53-4510 

• FCJB Ht and LA CfflOts 

* CaahShi prlcva have Id tw cpKitad iffurataly by Vancouver OtltCC 
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DRagoNSlayeu!! 

Turn your LAN into a COMPLETE BUSINESS and 
TIME MANAGEMENT system! 


Most Accounting software does basic bookkeeping, 

BUT WHAT ABOUT: 


★ SALES LEAD GENERATION? 

★ QUOTE PREPARATION? 

★ SALES MANAGEMENT? 

★ QUOTE TRACKING? 

★ HANDLING TELEPHONE INQUIRIES? 

★ STAFF SCHEDULING? 

★ MAILING LIST CREATION? 

★ COLLECTION ACTIVITIES? 

★ WARRANTY TRACKING? 

★ SPECIAL CUSTOMER PRICING? 

★ COMMISSION CALCULATIONS? 

★ TRAINING NEW EMPLOYEES? 

★ CASH FLOW MANAGEMENT? 



EASY-TO-USE 

USER CUSTOMIZABLE 
on-line HELP reduces 
install ation, train ing. 

Easy-to-use, INTUITIVE 
menus and data entry 
sc ree ns^__ 

USER specific ON-LINE 
TICKLER file provides 
electro nic desk. 

Inter-user MESSAGING 
eases s cheduling pains. 

CONCISE manuals 
provide Installation and 
referen ce sections , 

RECALL vendors, 
customers, items, 
employees, prospects, 
or other data by FULL 
or PA RTIAL NAM E. 

FAST DATA ENTRY 
for high transaction 
environments. 


DISTRIBUTION 

Process sales orders for 
SERIAL, one-of-a-kind, or 
CATALOGUE items with 
full Inte gration, 

AUTOMATICALLY 
prepares QUOTES, 
CONVERTS quotes to 
orders. _ 

EASILY process 
COMPLEX PRICING and 
COMMISSION 
CALCU LATIONS, 

ON-LINE PURCHASE and 
QUOTE HISTORY by 
custome r by item. 

UNLIMITED 
SUBSTITUTE and 
ALTER NATE item codes. 

Analyse SALES or 
PROFIT by salesperson, 
customer, or line. 


MANUFACTURING 

SPLIT sales orders among 
up to thr ee sales rep s. 

AUTOMATICALLY create 
COMMON CARRIER freight 
invoices. _ 

EXPLODE or CREATE Bill- 
of-Materl als at Orde r Entry. 

STORED PHRASE RECALL 
and DIRECTABLE 
COMMENTS allow complex 
crate marking or shipping 
instruc tio ns. 

Comprehensive JOB COST 
and STA NDARD CO STING. 

WARRANTY TRACKING by 
customer and item. 
Comprehensive CASH 
MANAGEMENT facility 
calculates AVERAGE DAYS 
TO PAY based on customer 
payment history and 
forecast cash flow. 


RETAIL 

POINT-OF-SALE allows 
for serialized and 
catalo gue items. 

POP-UP window 
provides secure TIME 
CLOC K function, 

POS transaction 
SUSPEND and 
RECALL function 
speeds customer 
checkout_ 

Recall customer 
account data by NAME 
or PH ONE NO. 

Supports MULTIPLE 
ELECTRONIC CASH 
DRAWERS. BAR 
CODES^_ 

POP-UP window for 
shelf location, pricing, 
quantity, for any item 
by full or partial name 
search. 


AJVD MORE! 

For more detailed information, or diskette based demonstrations, call 

800-447-2522 

(in PA 412-279-8882) 

DragonSlayer is actively seeking authorized resellers. 


'^Comprehensive — Not Complex” 

2275 Swallowhil] Road. Building 900 . Pittsburgh. PA 15220 (412)279-8882 
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REGIONAL 


WHAT’S NEW 


METRO NEW YORK • N E W E NG LAND 


Mac II Coprocessor 
Uses 88000 RISC 
Architecture 

S oftware applications on 
a Macintosh 11 with the 
new Tektronix RP88 graph¬ 
ics coprocessor board will op* 
crate up to 30 times faster 
than on a 68020-based Mac H, 
Tektronix claims. Thafs be¬ 
cause the RP88 has a Motorola 
88000 RISC processor as its 
engine. 

The RP88 also contains a 
20-MHz 88100, 2 megabytes 
of DRAM, a 32K-byte cache, 
and a built-in floating-point 
coprocessor, resulting in a 
claimed rating of 17 million 
instructions per second. 

Applications that take ad¬ 
vantage of the coprocessor will 
split duties between it and the 
native 68020. Access to the 
screen, keyboard, disk, and 
user interface is managed by 
the 68020 to take advantage 
of the Mac OS and Toolbox. 
Computationally intensive 
math and graphics are shifted 
to the 88100. 

Price: RPS8, $9575; deveb 
oper’s kits for C and FOR¬ 
TRAN, $995 and $1995, 
respectively. 

Contact: Tektronix, Inc., 
Tektronix Industrial,Park, 
P.O. Box 500, Beaverton, 

OR 97077, (503)627*7111. 

Inquiry 1004. 


Two Programs for 
the Legal Profession 

C lient Management and 
Docket Control from 
LegalBYTES lets you cus¬ 
tomize its rules of procedure to 
fit your requirements. Once 
you’ve defined your rules, 

CM DC will recommend 
dates (e.g., a statute of limita¬ 
tions) by which you should 
accomplish a task. 

With CMDC, you can 
manage an unlimited number 
of clients and matters per cli- 


Price: $89. 

Contact: Symmetry Corp., 
225 East First St., Suite 107B, 
Mesa, A2 85201, {800) 624- 
2485 or (602) 844-2199. 

Inquiry 1005. 


Nutrition Planner 
Helps You Eat 
Healthier 


The RP8H coprocessor board provides up to 17 million 
instructions per second. 


ent, court appearance dates, 
and other deadlines. It has an 
opposing counsel database, 
and you can view dockets in 
several ways through Agenda¬ 
like views. A utility lets you 
transfer narhes and addresses 
from Timeslips, North Edge 
Software’s time and billing 
program. CM DC can also 
import data in fixed and com¬ 
ma-delimited ASCII format. 
CM DC works on the IBM PC 
with 512K bytes of RAM and 
a hard disk drive. 

Price: $299. 

Contact: LegalBYTES, Inc., 
9700 Richmond Ave., Suite 
230, Houston, TX 77042, 

(713) 787-0090. 

Inquiry 1006. 

T SC Computing recently 
released PC Constitution 
1.0, a database of the U.S. 
Constitution. The database in¬ 
cludes the Bill of Rights and 
all amendments. Using Supra 
II (a substantive system that 
lets you assemble documents 
by searching for and retriev¬ 
ing essential text) and PC Con¬ 
stitution, you can quickly as¬ 
semble legal documents and 
briefs to retrieve information 
in a HyperCard-like fashion 
and assemble sections of text 
into a complete document. 


Browsing, pasting, print¬ 
ing, and word searches are 
possible with pull*down and 
pop-up menus. The program 
runs on the IBM PC with 
256K bytes of RAM. The Plus 
Edition has indexed word- 
search capabilities, TSC Com¬ 
puting reports. 

Price: Standard Edition, 
$24.95; Plus Edition, $49.95. 
Contact: TSC Computing, 
Inc., P.O. Box 872687, 
Wasilla. AK 99687, (907) 
373-6550. 

Inquiry 10(17, 


Modify Text in 
HyperCard Stacks 
Sans HyperCard 

S ymmetry’s HyperDA, 
the HyperCard stack 
browser, now lets you mod¬ 
ify text fields in HyperCard 
stacks without requiring Hy¬ 
perCard itself. With HyperDA 
1.2, you can search and re¬ 
trieve HyperCard stacks, 
modify the text, and save it 
to disk. 

You can also use HyperDA 
1.2 to put HyperCard stacks on 
a Macintosh with as little as 
512K bytes, because the pro¬ 
gram needs only about 67K 
bytes. 

Symmetry reports that it 
has also added an auto*open 
feature and enhanced the 
Find function. 


T he Nutrition Prospector 
is for professional dieti¬ 
tians, nutritionists, and 
health-conscious consumers 
who want to analyze and 
improve diets. 

The program’s database is 
derived from the USDA’s Agri‘ 
culture Handbook 8 and 
some of its supplements. The 
database has more than 2500 
entries, and you can add more. 
The program tracks basic nu¬ 
trient variables such as fat, 
protein, cholesterol, sodium, 
calcium* and fiber. 

Nutrition Prospector lets 
you enter in a recommended 
diet. You can compare foods 
actually eaten to recommended 
foods and see the effects of 
the substitution on nutrient 
values, totals, and goals on a 
per food, meal, or daily basis. 
You can also produce sum¬ 
mary reports For one or several 
days. 

The program comes in two 
versions. With the Professional 
version, you can track and 
maintain client and organiza¬ 
tion information. The Per¬ 
sonal version lets you crack all 
the members of your family. 

Both versions run on the 
IBM PC with 640K bytes of 
RAM, DOS 2.1 or higher, 
and a hard disk drive. 

Price: Personal version, $79; 
Professional version, $185. 
Contact: Constructive Solu¬ 
tions, Inc., 5506 Mercedes, 
Dallas, TX 75206, (214) 
826-4327. 

Inquiry 1008. 

continued 
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How does FOUNTAIN 386SX 
compare with a true 386? 



Land- 

mark 

Si 

advartccd 


Integer 
Add Loop 

Integer 

MulltpJy 

Loop 

filring Sort 
and Move 

Prime 

Number 

Sieve 

802085 1 
Insiniction 1 
Set 1 

1 FOUNTAIN 3K6SX 

2 LI 

18.0 

1 

1 .M 

.60 

L20 

L76 

4.07 1 

1 COMPAQ 386/16 

20.0 

17.6 1 

1 

.99 

.60 

L37 

1.87 1 

4.23 f 


pc Majinjuiw BcnclimiJrt T&tn (Tlrw h Sscflwdt) 

Compaq isa lnitlcEriariofCom|Hq ComptiUcr Corp. 


FOUNTAIN 386SX. The Smart Choice. 













PROCESSOR Intm 
386SX al 16 htHz; sacksl lor IfiteE 
3S7SX COpfOWSSOr; r^aJ time 
dock/calendaj. 

UEMORY 1 MB Of DRAM 
standard, zerci^walt stale; maxi 
murn 4 MB on boBrtd^ expandable 
lb 16 MB. 

EXPANSION ^x 1&blt and 
two B-bit expansion slots 

POWER SUPPLY 200 watts 
etandanJ; 110 VAC at 60 Hz; 220 
VAC al 30 Hz. 

KEYBOARD Entianoed 101 
key layoyL 

FIXED-DISK CONTROLLER 
High-performance Al-type 1:1 in- 
lerfeave or ESDI controller. 

STORAGE SVi'’1.2 MB Hop- 
py disk drive standard; 1.44 
MB bptlanal: choice of 40. SO, MO 
pr 320 MG herd disk drive- 

OPTtOHS Monodifome tfcs- 
playi FTN Hercules-cwnpalible 
display bMrd, FTN 1451 14-|n£#i 
tlat-9creen monllor; VGA display: 
FTN VGA Extender™ wth 
800>:600 resdulKHi. 









$ 1995 . 

FTN-3868XwUk 

* 1 MB memory at 
zero-wait state; 

• 1.2 MB floppy 
disk drive; 

*1:1 interleave 
hard-disk contjx>ller, 

• 40 MB hard disk 
drive; and 

* Monochrome 
display package. 



FOUNTAIN TECHNOLOGIES INC. 

12K WORLD^S FAIR DRIVE 
SOMERSET, NJ 08673 
TEL: (201) 563-4800 
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CGA 20MB Hatd Drive 

^429 


% 

» » i. rif 


n-ili 


BASiC SYSTEM COMES WUH 
THESE GREAT EEAJURESi 

a 8O0B-12 Processor 

■ ^.77 MHz Hardware/Software 
Switchable Speeds 

■ 640 KB RAM on Board 

■ 8 Expansion S^ots 

■ 20MBHardDjive 

M 360 KB. 5.25" floppy Drive 

■ Hard Disk Controller 

■ Multi I/O w/1 Serial, 1 Parallel 

1 Game Port & Floppy Disk Controller 

■ CGA Card 

■ XT Case with Turbo, Reset Switches 

■ 150 Watt Power Supply 

■ 101 Key Erthaneed Keyboard 


MONtrOR 

SAMSUNG 

CK4644 


■ 14" Color Monitor 

■ 640 K 200 Resolution 

■ 0.41 mm DP 


PRtNTEK STAR NXtOOO MULTt^fONT 
m 9 Pin Dot Matrix 

■ 144 CPS Draft, 36 CPS NLQ 

M High Resolution Text and Graphics 

■ Four Built-in Fonts 

■ Standard Friction and Tractor Feeds 

■ Paper Parking Mechanism 


PROCORP MOUSE PACKAGE 

■ Setup k User's Guide 

■ Setup Disk k Drivers 

■ ProCorp Mouse Dr. Halo III Program Disk 
and Manual 

■ 9 - 25 Pin Adapter 


MS-DOS 4.0J OR 3^3 WITH GW BASIC 

DISK STORAGE BOX 

■ Holding 100 pcs. of 5.25" Diskette 

■ 3M 5.25’' DS/DD Diskette (10 Pcs) 

d OynfT UL LISTED SURGE PROTECTOR 



VIDEO CARDS ■ INTERFACE BOARDS | MONITORS 


^MAGITRONIC 

ABOIH SM** 

Mono Griphit C^aJ'cJ 

A-B1D3H 

Mono Orjphti vifpf> 

A-B104H 
Color Graphic CarO 

ABHIM S Jil 

Color Graphic iM^PP 

V1DE<^^EVEN 

A VRAM VGA Fult length. VGA 
compahUc 2S&KVRAM 1024^ 7&a 
4 ci5irif. aDOJ(6flO tS^okirs. and 
S40X400. $Mm 4 

256 colors 

A-FW-VGA Full IcFiglh VGA 
Compatible. ii 56 ltnH/W 1 800*600 
ISHCcrforfi SiiOHitOO 
256-coli:r . «pTr 

A-VEGA-VGA ShcHt C .irO 

BOOkSOD a 720*5110 S4CO 

A’VEGA-DELUXE Short Card 
40 k 4BD& 762*410 
16-f (tint 


^MAGITRDNIC 

ABZoa SCO 

AT i SMe RAM Card 3Tr 

ABI31 ^ S^O 

ATI/OCarriP.S/G JlF 

A^B23M 

AT S^^tal .''Pafal)i!r Card 
A i 32H Mulh I/O Card. $ jo c 
P.'0/CLC/FDC 3 OiivR ^■•3 
A BIST Xn/OPtu&ll 
Cord with S/t^/G/CLC J# 

A.Blia 540 

640KB RAM Card ^aCTF 

AB33Sxt.'AT S40 

ZMBEMSCard 


TAPE BACK-UP SYSTEMI 


CpmRMKJ 


B-D^IO 40MB. Rum Off Roppy 
Interface PC/ XT/AT eO 

Compaiibt X3“ 

- 


<8 SAMSUNG 

C-SS-MA2SBS 12" Amber, Mono- 
chronTc Monkof w/Swi«i 
Baw. 720 It JSD #3 

C-SB.CW4M4 H- RGB Monicot 

640 * 200 ^229 

C-5S CM4S31 14* EGA Ntanliof. 
fik k SwieVP-I ea^c-. S 4 44 
640 t 550 ^ J V 

C SS*MZ-*571 14' Paper whitp. 
Flat Srieert Mona c 1AA 
Monilor. 720* 360 IMV 

C’$S^CQ4651 14‘ 

Anatog Cakv S 4 CA 

Monitor. } 20 * 400 
C-SB-CNA5f!l 14' Multisync 
MeWir-Or. w/TUt 6 SwiwrK M 44 
Stand aOCi * SBQ 4 Jt 

C SS MP5671 15' Full Page 
Mnnochiomr Monlinr m/V ideo 
Boairt. TIB ft Swivrl 504A 

Stand 1006 * 104& OiJTr 


SW 


r PARADISE. 

A-EGA3S3 EGA AulO SlAC 

Siwiti-h 64011400 I tF3 

A-VGAM2 VGA Ptu^ BOON 600 

Re^alUtionm 16 S4 .JL4 

CukKi ^XO¥ 

A VGA403 VGA Plu^, l6 Card. 
000*600 Rl-itAJI ion in g 444 
16 Colors 

STB 

A EGASOI EGA Card. SlXA 
Auto Switth. 640* 350 10¥ 

Ftenai^anoB 

A.VGA405 16 Bit VCV^. 000*600 

*255 


*85 


HcsokjtiDn in 

i6(oIof§ 


KEYBOARDS 


D-K1511.84 SJlE 

XT/at Switchable 43 

D-K t SA 1QI Kev Bnh^n- 


<er1 XT/AT Switchablc __ 

D-KISB Smau Foc^rx. lOi Key 
Full Functkin, PC/XT S C Jl 
AT Cwnpitiblc 34 


40Ma IX20Q0 
Data Carlnrlge 
D.TU-60 6DMn OCJOOO $44 
Qata Caitmtee X7 

B^KE^ 10 External $ AA 

Xlt tot tJMO ^¥¥ 

B AB-10 Tapr 
Adapter Boarri 

SYSGEN 

Brifige Series 

H-SYSZZ£0E*EemalS'4- 36Q 
K^.Z MB Floppy S219 
B-SYSZZOI Extirnal 

220 KB/1 44 MB $444 
Floppy Oriwp 

E-5TS2294 Adapter Card to Irtter 
Face arif^ge Drive on S E 4 
PC/AT & Compatible .. 32 

B-STS2381 AdaifN er Card to Inter 
face Bridge Drive on $ £ 4 
F</XT OCompatiblr 32 

REUMT SCRIES 

Internal 6'A' 60MB 403 

B-mais S£0£ 

External 5 '/*' GOMIB 003 
B-SYSaSO 5444 

Irternal 5 4' IZSMB M § U 

B-STS355 S0AA 

EKtemalSV^-tJSMtl 


*24 Seiko 


C-SK CM1430 14 V( A$jt 44 
Mcmiror. 1024i x 76B ^OWtF 


POWER SUPPLY 


^MAGFIRONK 

D-P150 5£e 

150 Walt for XT 43 

O-P20O $£4 

200 Wj(trorAT 3¥ 

D-P700 $cA 

200 Watt For Baby AT 3¥ 
D-FSOO 230 Wal t Fur At Sat 4 
Vetbtle Cave OT 

D-P103 SOutlel SA9S 

SiirTTiT Prnfrr lur Tt 

o® 

Standby Fewer System 

D-TPBC450 460 Wall. 5 mv 
Transfer Time, 34 minis BarXtip 
Time ^ 1 /2 Load. c 4 44 

26AHBairen 

D TPBC32S 325 Watt S ms 
Transfer lime. 56 mihS aitiMup 
Time @ in Load $44£ 
J6 Ah Batitry . . 2#3 

D'TPI&B 6 Oufirtt with 3 IndivKliial 
Flkers. SEJI 

6 Cofd ^3^ 

p.TPie4 4 Ckirlet wllh 2 Individual 
Filrers. £ *■ m 

6' Cord ■#3 


DISK DRIVES 


Hard Drives 

fi-HD-225 20MB 54eA 
66 ttis. MFM 2 IT 

B-HD.ZZS w/Westrm 544E 
Digildl Coniroscf 2 #3 

B-T10 23aR 544 a 

30IVie. 65ins. RLL ^2^T 
B-HP' 23BR '*(> Western $444 
Digit at Controller 2TT 

B-flP-251 $^0A 

4DMa ttOms MEM ‘A^JTW 
B~HD2514 $40A 

4aMiB J ems. MFM JmSt 
B-HD-227R 60 MB $ 4 Mh 
AOrrwi.RLL l/2Ht uSTT 
B- HD-4CI96 BOMB c e AA 
2ami. MTM. Full Ht 3TT 
B H0^1 MR 12 2 MB C JLTA 
2Bms, RLL. Full Ht D #V 

TOSHIBA 

Bofifiiy Drivel 

B-FD-04DT 36aKB. Sjt A 

DS' 00 XT only Blarli OT 

DxED-fMPEG ^60KB 5 JL A 

D5/DOXT.'ATBeiiic DT 

e -FD OBOEG I 2 MB $g ^ 
High Densily 93 

e FP<352 3*4' t MB I720HB 
Formatted I wifFi S O A 

Installation Kit OM 

e FD.356 iV>- 2 MB ei MB 

Formatted f wHFi SOC 

loitalMilcirtKir T3 




E-NX 1000 Multifont 
9PJn r/,4CPS0r4ri $ 1C4 
is CPS NLQ . 13T 

E-NX 1000 Rainbow 9 Pin 
1 (.4 CPS Drafi. 36 CPS $4AA 
NLQ 7 Color Printing "^22T 
E^NX1S9i^n. 120 S4AA 
CPS DraFt, 3D CPS NLO 
E NS2410 24 Pin. 216 $A1A 
CPS Drat! 72 CPS NLO 4lT 
E-NX2400 24 Pin. I 70 $444 
CPS PruFt 62 CPS NLO ^«IiST 
E-NXIOOQ 
Blaf It RibtKin 

Panasonic^ 

E-PIIBD 9 Pm Narrow Carriage. 
192 CPS DraFt Sl4A 

3BCPSNtQ 

E-Plltl S Pin, Narrow CarriUge 
2/rDCP5I>art SAJlC 

4SCPSNtO ^,Z43 

£ 1592 9 Pin Wide Carnage 216 
CPSiTraFi. S^OA 

4S CPS NLQ ^39T 

e.PTS95 9 Pm. Wide CfliriA&r. 

2e& CPS Draft S^AE 

61 CPS NLQ ''4ii3 

E“PH2< 24 Pin Njiffow Carnage. 
102CPSOrart S^IE 

63 CPS NLQ JI3 

E P44S0 Lnscr Printer 11 PPM, 
300 DPI 6 EmulatkJtft Slandarri 
Serial Of Parallel 
Interface 


*1345 


CONTROLLERS 


*69 


lOGillCK 

Senul Mou» 

with Software . 


^IVUIGITRONIC 


I 200 Baud Internal 
A-MD2450-1 544 

2400 Baud Internal TVIF 

A MD2400 EX Cardinal** 44 
2400 flaud EKtemal 1 *■¥ 


a/turML 

A-WDXT-GEN2 Wim:Fi«ter XT 
Conlf cjtlef with $ E A 

C? Yn qlin i L S KJ^ aP 

A-WDXT-GEN3R e£4 

XT RLL ControPer 

A WD37X XT Compatible A 
Winchmslcr RLL COrSitillci ''3¥ 

A WD.V-MM3 AT Cdnyutlblc Win 

'cSs;t!?o»«, *11* 

A^WD.V^SR2 AT RlL Enbanted 
Wlndre^ter/Ploppy $ fj 44 
ConTraBer 


Orders Onl 
l-8(X)-227 


,7niy 

-54M 


TERMS 

All pt^cti refleci cash discount. We Kcept 
Mastttcand and Visa, cashiers check, cash or 
ceitiried check. Personal and company checks 
fMiuine 3 weeks to clear Add $3 FiaruJlng 
charge per box plus additional shipping 
duties. COD orders ’ add 53 per carton, Al 
defective inerchandl^e must have RMA 
numl>er AiiQw 2 to | weeks For repiacemenr. 
All defective Items will be replaced or nrpalmd 
it our discretion within the limits Of the 
mafiuFacturer'swafTanly. AH return items must 
be shipped prepaid arid insured. Complete I 
year Warranty dh System 1 -year Warrariity on 
Floppy Drive FiiK servke In-house technical 
support throughout and beyond Warranty. 

CALL FOR SPECIAL 
MAGfTRONICDEALfR 
PRICES ON ORDERS 
OF 10 SYSTEMS + 

All systems fully assembled, tested, durtied in 
& shipped in computer shipping carton IBM. 
PC. XT. AT. Samsung. TosFiiba, Mlcttrsoft. 
Seagate. YrdeoSewn. Paradise. Renaissance, 
Ttippiare. Seike. Colorado. Star. Ranasixiic, 
Western Olglial, Sys^en are registefed iratfc- 
marks of their tespectrue companies. 

Prices and availability stibject to change 
wkhoui fMMice. 

NEW YORK ORDERS 
& GENERAL INFO CALL 
516^54-8255 

FOR TECHNICAL SUPPORT 
ONLY CALL 1-800-347-5454 
516-454-8255 
LEASING PROGRAM 
AVAILABLE TO 
CORPORATE ACCOUNTS 
516-454-8255 

MAGITRONIC 

TECHNOLOGY INC 

10 HUB DRIVE. MELVILLE, N.Y 1 T7fi7 


CAU1-800-227-5454 


IN NY CALL 1-516-454-8255 
FAX NO. 1-516454^68 


MAGimoNie 


TECHNOLOGY INC. 


im 
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InteJ 80286-10 Ptqcc»- 


Ciack vdth BiHfty 
SQ287 Math Co- 
Pktjcaasor S<Kk«t 
1 Serial and 1 Paral¬ 
lel Fort 

Digital Diapiay Panel 
tOI Inhanced K.B. 
FCC Oawt 8 Approved 


True 16 MHk CPU 
640K RAM Eapindable 
to 4Meg OR Board 
1.2Meg or l.tMeg 
Floppy Drives 

Drive Floppy 
Controller 
AWARD Bloa 


Clock with Battery 
80287 Math Co- 
Proeeasor Socket 
2 Serial and 1 Paral¬ 
lel Fort 

Diglta] Display Panel 
101 Enltanced K,B, 


Intel 80386-20 CPU 
iMeg RAM 
1.2Meg or 1.4Meg 
Roppy Drives 
Hard Drive Floppy 
Controller 
PhoenlK Bios 
Clock with Battery 


■ 80207 Math Co- 
Processor Socket 
2 Serial and 1 Paral¬ 
lel Port 

Digital Display Panel 
101 Enhanced K.B. 

FCC Class B Approved 


cMer IneiudtS- Ciml 


and receWStnwSI 

Vofwm J>r*rouji£s At^ 

Buying a SST System now^ makes you a 
membex of 

This enables you to receive an additional 
savings of 20°jbOff your next accessory 
purchase from our Catalog. 


Receive a Membership Card 
and start saving 20% Off alt 
our Catalog Products^For more 
details just call... 


1066S Ridunond, Suite 100 
Houston, Teras 77042 


SST Sjfsfems-^eXovexed by One Year On^Sili 

. . W y:: 

^ Extended On-Siie Service Contracts Available. 


^ice 


T1X MoAodutw* 

n0H3» Monlbif 

40 Meg Hud Drive 

$2499 

SO Meg HjhI Driw 

$2799 

EGA Enlunad 

Orirphla Moffiilnr 

40 Meg Hud Driv* ’ 

$2999 

SO Meg Hud CMv* 

$3249 

MottlM^Fw: EGA 
Mmiter 

1 UOkIM 

40 Meg Hud! Drive 

$2895 

SO Meg Hud Drive 

$3195 1 

I VCAGf»]xhla 

to Meg Hud Drive 

$2815 1 

1 «4Qx4H 

SO Mtg Herd Drive 

$3195 1 


7Slh j2l0 Movdtor 

40 Meg Hud Drier 

$1899 

SQ Meg HMd I>Elve 

$2199 

EGA Enhuued 

Grephlcv Monitor 

40 Meg Hud Drive 

$2399 

SO Meg Hud Drive 

$2699 

MulUeriie EGA 

Monitor 

MOtefSD 

40 Meg Hud Drive 

$2499 

SO Meg Hud Drive 

$2799 1 

VGA Grephla 

Monitor 

H0s4M 

« Meg Hurd Drive 

$2499 1 

80 Meg Kud Drive 

$2799 1 


TTL MaoBcluDow 

20 Meg Herd Drive 

$1699 

7Hvm Monrior 

40 Meg Hud Drive 

$1849 

GGA RGB 

30 Mrg Herd Drive 

$1847 

Color McmilDr 

40 Meg Hud Drive 

$1995 

EGA EiLhuuied 

20 Meg Hud Drive 

$2099 

MOv3i50 

40 Meg Hud Drive 

$2269 

VGA Grepidn 

00 Meg Hud Drive 

$2159 

Monitor 

640x480 

40 Meg Mud Drive 

$2349 
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SPECIAL 

MS DOS 4.01... .$«9jOO 



Pointech Distributors 

36 West 22 Street, New York, NY 10010 
Orders; (800) 666-8324 (212) 633-1530 

Tech Support: (212) 633-1531 Fax: (212) 633-1532 


NOVELL AUTHORIZED 
DEALER 


SYSTEM KITS 


XT SYSTEM 


AT SYSTEM 


386 SYSTEM 

10 MHr 5085 MMtieftuud 


12 MH 2 Biby 266 Mothirboinl 


20 Mlb Mdheitwrd 

41 Slylfl Cbs 8 with UQ 


/O-^ Ces« With L£0 


/IT Slylfr Case wtm LED 

150 Watt Ptnrtr Supply 


200 WUt Pmer SUpplV 


200 VWtt RNwef Supply 

256KRAM 


512KRAM 


1 MEG RAM 

aeOK Floppy Olive 


1.2M Ropnr Ddw 


1.2M ftoppy Ditvt 

Hiiti I/D wMv FDD 


Dual Hani/Floixjy Gootmfer 


Ditaj Hudme^ CuntiQir 

Clock and CdBOdar 


dock ani Dakndar 


dock and CalendBr 



101 Etihanced Keybottd 


KD Enbancdd Keytwud 

fssg 


$593 


$1499 


PRINTERS 


PafiisoitK KXP 1180.1Q8 

Pamvk KXP tt24 . 309 

Oltldra iB3 (132 Ool)..390 

.3Sa 

FuplSi OC3400 £132 CoO.948 

HP Deshifil Plus.009 

HP LaserJH HP. ..1098 


HARD DRIVES 


20M S»8ele SI2?5 348 

3tM SeagdE Sim 309 

4IIM Stm* ST251-1 .348 

60M SflaQdf KiyZ/HP.398 

imsQQsatmm . ooo 

20MCMSHHdcvd ^ 

30W CMS Maidcanl 389 

80M DOC.639 

1S5M UXr £ £501) 1189 

330M COC £^| 1899 


FLOPPY DRIVES/CONTROLLERS 


360K TEAC &25'.... . 

1.2M WC W__ 

7Sm TI« ^ . 

144M TEK aSP .. 

4IXim Coilw3do IMm Sack 

XCkMIK CoilroasF. 

tart 4M ConMDtor. 

Duri HanimopfV CM £MFM) 

SH2 HmimopA Girl iBLlr . 
DuflJ 1:1 Hart/Floppy Ctrl £WFM] 

ESDI Cirrtrafcr. 

SCSI CfflitflJiaf. 


02 

TO 

■2 

308 

24 

48 


3*9 
. 399 


MONITORS 


GoWStu 4mt» 12* . 

79 

GoUStar VGA Mutli Sync M'.... 

448 

imec RapefWime W . 

... 119 

InUBc CGA M'. 

.239 

imtoc VGA W' .. 

. 349 

ImUK EGA MV.,... . 

339 

imtK VGA Mwroir 

137 


KEYBOARDS 


84 Key.3 9 

101 ^ Eintynixil...,.48 

l£)i Kaiy ftctte.59 

C^SES 

XT SHde Cspe 32 

KT SHde Cttt.45 

lamr Cau...118 



I/O CARDS 


Mom GnptVs Pholer Caid 

38 

Serial Cart. 

33 

Dolor GnpHics Fiitfler Qanl. 

38 

2nd Serial dip Set. 

2P 

GTK EGA Card. .. . . 

109 

)a Modi 1/D [aim & cm 

38 

GTK VGA Caid (9 Bits) 

118 

dock cud . 

23 

Sman Dm 1AM (16 Btb) 

178 

XT 540K RAM Cart 

39 

SfrtaVPanlWffiarw Cart... 

39 

Ewnn 3hKG HAM Cart 

89 

Pirritet Cud 

. 19 



TERMS AND POUCY 


MICE 


Gefnia GM wOrHaki. 

39 

GgniUt GMGOQO 


m-Ris wdkHMa. 

49 

LopitKli Bus MSoftwe 

99 

GuiSew GS45D0 


Stiniw vifOGI. 

198 

diVsHck £tflM/Apple). ... 

26 


MODEMS 

24teir WKrnntv 

Turbo 4« Software.,. .19 

Smart 1200 lm 46 

Smut One 3400 Int 09 

Smut Ont 2400 Exl ...108 

Snuit One 2400 Mac Eat 169 
Siraat One 2400 PSra ht its 
M> di In USA 


Prices based om COD Cash or Cmificd Check. Evtrylhtitg shipped fiictofy Fresh wid ^^%fTBfllwd- 
No non-d^edive retufiis- No retuim without ■ RMA t. Mininuini VH S5.00 per oider. 

VISA - MC - AMEX 


POWER SUPPLY 

150 wan XT {tity 220 j... 

48 

zoo watt «r [tio/S£0) 

69 

250 wan UPS. 

318 

500 VWP UPS ... 

389 


Microcomputer News On-Line 


In this fast paced industry, can you afford to wait a week or a month for information that may affect you today? 

MicroBYTES Daily is an electronic news service covering the latest developments in the microcomputer industry. 
If it concerns MS TOS machines, Macintosh, Unix workstations, Amigas, Atari STs, peripherals, networks or soft¬ 
ware, you will find it in MicroBYTES, 

Fast and Easy 

Read the items as they break or use the powerful search command to quickly locate your information. Best of all 
you can download the text and print it or use it in your favorite word processor. 

Whether you are a developer, marketer, or researcher, you need reliable information and you can count on Micro¬ 
BYTES, Backed by the combined resources of BYTE Magazine, BYTE week, and BIX, MicroBYTES gives you 
access to our world-wide network of reporters and the integrity and experience of our editorial staff 

In your position as a leader in new technology, you cannot afford to be just one of the crowd. Gel ahead with Mi- 
cro-BYTES, 

Call now and subscribe today. 


BIX 


One Phoenix Mill Lane, Peterborough, NH 03458 1-800-227-2983 
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IF YOU ARE LOOKING FOR QUALITY, 
RELIABILITY, AND SERVICE 



LOOK NO FURTHER!!! WE ARE 
PC-PLUS TECHNOLOGIES, INC. 


We accept MasterCard, Visa, American Express, and Discover (no surcharge) 


PC-PLUS XT 8088-12 


PC-PLUS AT 286-12 


PC-PLUS 386-20 


PC-PLUS 386-25 


4 7mz MHZ Moiherboard 

Phoenix Bios 

a- Exfwnsion Slots 

tso Wtatl Power Suputy 

a40K 0* Menwy 

SaCK Floppy Drive 

12'" Morwchrarne Monitor 

Monogruhics Card (Hsrcutea Compatible) 

ParStlet'SeTlal'Garne Pons 

Oiock Calendar 

101 Key K^tnard 

MS DOS 401 S GWBaale 

2 >^or Warranty 


MHZ Mcaherboard (0 wsJi state) 
Phoenix Bios 
a Expansion' Sioto 
Landmark 16J9 MHZ 
2SQ\^ Pomr Supply 
fl40K ot Memory (exp to 4MB) 
tZMB 5.2S' or A 1.44MB 16" Floppy DrVwp 
1:2'" MonochroriM' Monilnr 
Monographlos Card (Hercules Compttible) 
pamllakS SerlaPGame Porta 
101 Ksy i^yboand 
MS DOS 4i!i ^ GWBaetc 
2 Ybar W^anly 


B/20 MHZ Mothefboaid 

Supports S03B7 Malti Do^xroceSSOt 

S &(pansioin Slols 

Lanomark 2ft7 MHZ 

220W ftiwer Supply 

1G24K of Menwry (Ekp. lO dMB) 

1.2Me SSE" or A 1 44MB Floppy Drtve 

12' Monoclirortie Monitor 

Monographlca Cwd (Harculea CompaiJbte) 

ParslleP2 SartsMSarhe POds 

ten Key Keyboard 

MS DOS 4G1 & GWBaBio 

2 'vtaar Wiirranty 


$699 


XT Mona 


' 20 Ma Seagate Hart) Drive . $969 

* 30MB Seagate Haid Drivs .. . $1019 

'4dMB Seagals Hard Drive . $112$ 

*6SMB Seagate Maid Drive . $1219 


XT CGA Color System 


$859 


with: 


' 20MB Seagate Hard Drive . . 

* 30MB Seagate Hand Drhs .... 

* 40MB Seagate Hard Drive . , ^ 
" SSMB Saagata Hard Drive .... 


$1159 

.$1139 

,$1289 

$1339 


XT EGA Color System 

$1099 

* 2gMB Ssdgate Hard Drive .. $lSd9 

‘ 30Me Seagate Hard Drive $1429 

* 40Me Seagate Hard Drive .. + ,.4. .$1639 

' QSMQ Seagate Hard Drive . $1920 


$889 


$1649 


286/a Mom 

* 20MB Seagare Herd Drive . $1229 

« 30MB Seagate Hard Drive .. . $1279 

* 40MB Soagale Hard Drive . $1399 

' S5MB Seagale Haid Driva ... . . . $1439 

^ BOMB Seagale Hard Drive . $1339 


286-12 EGA Color System 

$1279 with: 


‘ 20MB Seagate Hard Drive . $1029 

' 30MB Seeg^ Hard Drive $1379 

* 40Me Seagate Hard Drive . $1709 

* $5Me Seagate Hard Drive .... . .$1389 

* aOMB Seagdie Hard Drive . . $2039 


286-12 VGA Color System 


386/20 Mono 

* 20MB Seagatfi Hard Drive . . . . $1999 

* 30MB Seagate Herd Drive . $2049 

' 40MB SeagalB Herd Drive . ... $2139 

' 3SMB Seagate Herd Oflva ... $2259 

* 80MB Seagate Herd Drive $24^ 

386-20 EGA Color System 

$2039 with 

’ 20MB Seagate Hard Drfwe . . $2339 

* 30MB Seagile Hard Orlue . $2439 

" 40MQ Seagate HanJ Drive . $2$$9 

" 65M& Seagate Haid Driw . _ $2849 

' 90MB Seagate Hard Drive . $2829 


386-20 VGA Color System 


$1529 with: 


$2289 


with: 


20MB Seagate Hard Drive .. $1979 

90MB Snegete Hard Drive . $1029 

40MB Seagate Hard Oriw $2049 

eSMB Seagate Hard DrWe . $2130 

BOMB Seagsle Hand Ddva. .. $2310 


20MB Seagate Hard Drive . . . $2529 

30MB Seagate Hard Drive , . .. $2389 

40MB Seagate Hard Drive . . . $2709 

eSMS Seagate Hard Drive . . .. . . $27W 

30MB Saogala Hard Oriva . $2979 


^ ai2e MHZ Msthertxjard 
' aSK Cache Memery 

* 8 Expan^an State 

' Landmadc 41.7 MHZ 
’ 220W Power Supply 

* t024K of Mamory (Exp. to SMB) 

■ i.2He 5.^' Of A 1 44MB 35' Floppy Drive 
' Monpgraphloa Card (Horcutaa Compteibfia) 

* 12* Menechrenie Monitor 
' PBntlM-2 Sariit^ame 

* 101 Kay Keyboard 

* MS DOS Am & GWBaafe 

* a Vbar Wjffanly 

$2209 

386as Mono 

* 20MB Beagate Hard Drive $2560 

- 30MQ Seagate Hard Drive ... . $2609 

* 40MB Seagate Hafd Drive . .. $2729 

* bsMB Seagate Hard Drive . .. . $2919 

- eOMB Seagate Hard Drive . $2999 

386-25 EGA Color System 

$2599 with; 

' 20MB Seagate Hard Drive - . $2949 

* 3QMB Seagate Hard Drive . $2999 

- 40MQ SMoaie Hard Drive . $3119 

* 3$MB Seegale Hard Drive .. $32I]H 

* BOMB Seagala Hard Drive . . $3389 

386-25 VGA Color System 

$2849 with: 


* 20MB Saagala Hard Drive . . $3199 

- 30MB See^aie Hard Driva ..... . $3249 

* 4CIMB Seagate Hard Drive - $3369 

* 36MB Saagala Hard Drive . . $3469 

* 60MB Saaeate Hard Drive . . $3039 


TOLL-FREE 
TECHNICAL SUPPORT 

MONEY-BACK 

SATISFACTION 

GUARANTEE 

2 YEAjR 

LIMITED WARRANTY 

QUALITY AND 
RELIABILITY 


rWO-YEAR WARRANTY 


PC-PLUS TECHNOLOGIES 
CALL TOLL FREE 1-800-422-4947 

Loft Plaza ■ 65 Southbridge Street ■ Auburn, MA 01501 
PHONE: (508) 831-96.46 ■ FAX: [508] 799-9941 


PAYMENT TERMS: 


Wo accept MaatefCard, VISA. Am Ex., OiacowBr. Cartillad Cheetts. Money Orders. Per¬ 
sonal Checkatellew 7-10 days ter pmcasslng). We also accept Corporate, Equlvalern, 

Gowernmertlal PO.'e. _ 

^MBSGHichusatta residfrnte add 64b sales lax. * Ui 

•PrisMs subject lb edarvg# wthoul notice. 
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WHAT’S NEW 


• NEW E N U I. V \ 



DocuComp shows you precisely the changes in your document. 


Document- 

Comparison 

Program 

D ocuComp, a doc u mem- 
comparison program for 
the Macintosh and the IBM 
PC, can directly compare files 
from two different word pro¬ 
cessors in their native file for¬ 
mats and save them in a third 
format, while preserving 99 
percent of the character for¬ 
matting, the developer reports. 

According to Advanced 
Software, DocuComp converts 
the word processor’s format 
into its own format and then 
converts it back to the origi¬ 
nal (or a different) format, 
while comparing the versions 
of the document or program. A 
mode for programmers 
shows changes made in source 
code listings. The new ver¬ 
sion shows changes in docu¬ 
ments that are periodically 
updated, but it can also serve 
as a word processor file con¬ 
version program. 

DocuComp presents the 
results of the comparison in 
three ways. A two-panel 
comparison window shows 
corresponding sections of the 
compared documents, in which 
you scroll both documents in 
sync or jump to the next or pre¬ 
vious change. Each change is 
highlighted. In another form 
of display, a saved or printed 
document shows inserted, 
deleted, replaced, and moved 
text. The program identifies 
changes within moved text. 

And finally, a comparison 
summary gives you each re¬ 
vision made by page and line 
number. 

DocuComp 1.0 deals 
mostly with the words, ignor¬ 
ing character attributes such 
as boldfacing, underlining, and 
changes in fonts. Version 2.0 
for the IBM PC should be 
available by the time you read 
this; the upgrade for the Mac 
should be available in Janu¬ 
ary, the company reports. 


The program requires at 
least 384K bytes of RAM in its 
IBM PC and Mac versions. 
Price: $159.95. 

Contact: Advanced Soft¬ 
ware, Inc., i095 East Duane 
Ave., Suite 212, Sunnyvale, 
CA 94086, (408) 733-0745. 
Inquiry 1009. 


Develop Systems 
at the Design Level 

A pplaud lets you develop 
and maintain multiuser 
IBM PC-based systems at the 
design level without writing 
one line of programming 
code, according to Interna¬ 


tional Consulting Enterprises 
(ICE). Once you’ve finished 
designing the application, 
Applaud will analyze the de¬ 
sign specifications and pro¬ 
duce a customized user's man¬ 
ual. You can customize the 
manual for individual users, so 
that only the features they are 
permitted to access are docu¬ 
mented. The manual includes 
a data dictionary, database 
specifications, application 
specifications, and a system 
cross-reference list. 

Applaud uses a building- 
block technique. Components 
include a screen generator, a 
screen painter, five report gen¬ 
erators, and import/export 
functions. When you develop a 


Business Calculator for Maximizer 


R ichmond Software has 
introduced an add-on 
business calculator for the 
company’s contact-manage¬ 
ment program, Maximizer. 
With MaxCalc, all calcula¬ 
tions are visible on a scroll¬ 
able tape, and you can insert 
them into a note or diary entry 
in Maximizer or paste them 
into a letter using Maximiz¬ 
er’s cut-aod-pastc routine. 

Two modes, standard and 
reverse Polish notation, are 
available. The calculator can 
handle discounted cash flow 
analysis, annuities, actuar¬ 
ial, depreciation, bonds, 
simple and compound inter¬ 


est, loan amortization, sta¬ 
tistics, and interest rate con¬ 
version. 

Maximizer itself can han¬ 
dle writing, note taking, di¬ 
ary entries, expense ac¬ 
counts, and label printing. 
Maximizer runs on the IBM 
PC with 64€K bytes of RAM 
and a hard disk drive . 

Price: $24.95; Maximizer, 
S195; Maximizer for LANs, 
$495. 

Contact: Richmond Soft¬ 
ware, Inc., 6400 Roberts 
St., Suite420, Burnaby, BC. 
Canada V5G 4C9, (604) 
299-2121. 

Inquiry 1015. 



system, windowing technol¬ 
ogy, bar menus, password se¬ 
curity, and context-sensitive 
help are automatically 
included. 

ICE reports that Applaud 
works with any CASE method¬ 
ology, or no methodology at 
all. Applaud analyzes the de¬ 
sign specifications and per¬ 
forms record locking and file 
locking as required by a net¬ 
work. Applaud is written in 
Realia COBOL and runs on 
the IBM PC with DOS 3,0 or 
higher, 640iC bytes of RAM 
{485K bytes free), and 3 mega¬ 
bytes of memory on a hard 
disk drive. 

Price: $2495. 

Contact: International Con¬ 
sulting Enterprises Ltd., 10 
South Riverside Plaza, Chi¬ 
cago, IL 60606, (800) 426- 
0428 or (312) 454-3200. 
Inquiry 1010. 


Mac Printing on 
HP Laser Printers 

T he Grapple r LX is an in¬ 
expensive printer inter¬ 
face for HP-compatible laser 
printers, DeskJet printers, and 
Epson 24-pin printers that 
works with your Macintosh 
Plus, SE, SEy30, IL Ilx, or 
Ilex. 

It includes AppleTalk 
compatibility and five fonts 
(Swiss, Courier, Dutch, Gar- 
amend, and Zapf Chancery 
Medium Italic). For quick in¬ 
stallation, you use the Auto- 
Installer software. 

Price: $199. 

Contact: Orange Micro, 

Inc., 1400 North Lakeview 
Ave., Anaheim, CA 92807, 
(800) 223-8029 or (714) 
779-2772. 

Inquiry 1011. 

continued 
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SUPER BOWL 34.5 Mhz $945 

Super Bowl Bare Bone 

• Vertical Case, Speed Display, Turbo Reset Buttons, 4 LED, Light, Fan, 5 Open¬ 
ing, 1 Full High Hidden, 1 Half High Hidden, Security Lock Diskette Holder, 
8"x27"xl7" 

• Intel 386-20 CPU Motherboard Landmark = 34.5Mhz (2Mb) 8 Mb Expand on 
Board AMI BIOS, 80287, 80387 Socket Chips Tech. Chipset 

FCC Class A.$945 



Best Quality 

We use Name Brand 
Parts, Fancy Case, 
Heavy Duty 
Components Only. 


Best Service 

18 Months Labor Parts 
Warranty. We issue UPS 
^^Call Tag' to Pick Up 
Computer for Repair. 


• We accept Master &. Visa, 3% 
surcharge. 

• COD Order based on Cashiers 
Check, Money Order. 

• 10% Restocking fee within 30 days 
from invoice date. 

• All returns are subject to our 
approval. 


We build computers for Consultants, VARS, Resellers, 
Dealers, Corporate Buyers, Universities, APO, FPO. 
All Fancy Case, Top Quality Motherboard, Reliable 
add-on cards, Teac Floppy Drive, Keyboard Network¬ 
ing Supply, ARcent Card, Ethernet Card, Diskless 
Workstation, Large Quantity in Stock! 


Mascot Computer Corp. 

Wholesale: Tfel: (718) 321-1944 Fax: (718) 321-0136 
42-20 College Point Blvd., Flushing, NY 11355 (5 minutes from Shea Stadium) 
Retail: Tel: (212) 766-0955 Fax: (212) 385-4010 Open: Mon.-Sat. 10-6:00 
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INTERFACE 
DATA, INC. 




Iflteifaee Data, Inc. 

800 W^sl Cwnmin^ Park #6900 
Wubmi^MAOISOl 
617-038^333 
Ri2c617-9384)62(i 


Micro to Mainframe 
Data Exchange for 
iBMPC,PS/2andRT. 


Interfejce Data ofifers 9-track tape systems for IBM micros and 
conpatibles, enabling convement dataexchange with practically any 
mini or mainframe computer 

Our W streamersare self-loading, desktop systems complete with 
tape controller and easy-to-use menu-driven software. Multiple options 
include 800,1600,3200 and 6250 bpi. And for back-up, industry sl^- 
dard W tape is the most reliable medium available. 

When d^ exchange and ftist back-ups are Die question, Interfece 
Data has the answer J^body knows more about 9-tack tape. Fbr the 
most complete line of !^"stimmers, with ioca7 service and support, 
call us today 


Series 3 ^^traektapesub-i^ystem 

“ XT/ArorRS/2 MicrcK^hniirielcoiinectiori 

■ DOS, OS/2, AIX or other drivers 

■ mWANSl/ECMAtepeformM 

■ AutonnatteASCII/EBCDICcoi^ 

■ High-peifonmtM^tapedriv^ 


Exclusive 
I Software I 


High Quality Software! Great Prices! 
Zephyr Originals, NOT Public Doutain 
Pick the Ones You Want: 

□FDk^car Plus- la ftnancial ualcuktioiu. 

Menu selectable for: amortizabon schedule, ura<Krii values, Tulurc 
values, simple & comptiuud juTcrcsi, inalEillnicnl luun^ & luucti 
mon:. Output to screen or printer. “FINANCER is best’*- 
G.W.,M»nlanB IBM & compait. $24.95 

K U Astrolllfo-Hig h accuracy data forlhc Sun, Moon and all 
lanets. results accumie to seconds of sue. Select any dale 
v[n,999BC Eo400QADand any latitude and lorngjiude. Ptovrdcs 
position in sky, brightnc-'is. rise/set times, & much more. Do 
searches roreonjunenons of objects, dlslances, and locations in the 
sky. Generates iocaliou tableslo screen, primer or ASCff files on 
di^ rcq' laicr use. IBM & compaL S49.95 

□ FormBSacJilne - EasiLy create, print aiKl save forms for 
later use. ideal lor ruessage forms, expense reports, invoices, 
pOraonal data records, etc. Just tksign what you need on screen and 
then you are ready to fwini and use. Include text with regular or 
cond^!^ prim, add boxes. Units, drawings. Create ihe forms you 
need as you want Iheinl IBM & conipnl, $29.95 

□ Mortj^tffftM'llfiter'- Analy:^ mortgage terms for a 
vanety of siTuanons, Specify and pnnloul mortgage tables. Use 
irregular payments or additional payments. Make yc^y, nKinlbly, 
cjuarterly, weekly, biweekly .etc. paymems. Generate t^les of rale 
or term variations. Do 4 factor anuysis of interest, length, antount 
and rale for missing value. IBM & Compai. $39.95 

□ SpanlflllHelper''' Leam the Spanish language with 
yoor computer. Developed by language esperts to contain me ^aXlU 
most essential words and phrases to Enow basic Spanish, Includes 
inut>duciion to grairiTiiarand syntax. Wiihg^phics you get lo play 
a game as reward for your progress (grapliics not reqiurod to run 
prorgram). Frenchllelper also available. $29.95 

□ T^hes you algebra and how lo ^rply iL 

Starts rfom the easiest level to more advanced topics. Includes 
example problems with solutions. Leam as you review coDcepta 
and then apply them. Ideal for student or as refiesber course. Uscal 
your own piace to master ibis valuable pa-i of math. fBM $29.95 

□ Now you tan always have high aexu- 

racy lime on your PC or for olher needs. 1 imeChecker automati¬ 
cally calls, logs on and sets your PC system lime using ihc US 
ovemment slandatd time service. Also displays correct time and 
ate for all 25 world lime 7 ane&, You can also access other data 
related to time and astronomy. IBM, 1200b modeni $39.95 


□Xiu6«A8Stor-Calculates and prints tide tables and graphs 
for any U.5. LXsa.'ital state ror any day in 19S9 or 1990. Includes all 
US government tide localions. *‘[f yoo nil, Tush, go to bchcH, 
TtfteMaster is a must! Exccrlten(,’*^PC Maxine. Specify for 
which slate, IBM & compaL $39.95 per US slate 

□ ArtPacJi -Generate lO types of cot^uter art to ntovj^ 
hours of entertainment for you or your kids. S^jpporls COA. EGA 
or VGA color monitors for complex & brightly colored creations. 
E^aciat.s Moire patieim. Roses from polarcquaEions, Senmdipitous 
circles, l^irographs. I and 2 dimensional ^^life" patterns, Wallpa- 

g sr art. Sierpiruiki curves. Piciure generation from names or texi. 
ivc your computer a real graphics workout! IBM. $29.95 

□ StAfeC&lC- Key statistical fu^^iorcs for stadetu or pjjcri- 
cnccd user. Includes Correlation & Regresskm. Normal, 1. Pots^ 
son, Biiion^iat, Chi-square, distributions, date hjUhJIing for sorts, 
mean, situidard deviation, range, median. Save data to disk. Manual 
on statistics arhJ program use with exampies- ]BM,Applc Tl $39*95 

□ Slip0i^Ati" Pi(t,>ressjonal level cnjgloging for up ig 5,000 
books per ducetory with hard disk or lOOO wr flqppy (300 for 
Apple). Multiple siiWcts & aulhors, call #, lilfc, pul^sncr, etc. for 
13 field typcs.Print 3x5 index cards &. reports, in various formaLs. 
Sort & retrieve data by any Reid. Fast and taxy to use, IBM & 
Compal., Apple II $49,95 

□ HoroScOPlcS XT'- For your birthdaie time & location 
sky condiiinri!t eaTcaluied. Gel Natal horoscope chart printed or on 
screen, with ^xjdiaL, sun, mofin Sl all planets. Gives astrolpgical 
reading, .“tun & moon .sign. a-SCentUmc comanciion.s dfc oppositions, 
other aspects, (able of houses & planets {Ehacidus & Equal house). 
" Aecurale , a software bai^lnr' PC Mag* IBM $29.95 

□ HuDrAXtsmAS"' CrcBlc detailed drawings on screen 
and prtni in variahlc scale on dot-tnairix or laser piiniers. Use 
circles, lines, boxes, arcs in a variety of widths and styles. Add text 
m different fonts and sizes^ Use niuliiple layers for complex 
drawings. Create objects to save/use later. Worts with or without 
a mouse. Ideal for ttesign work. illiLctrations architecture itt crea¬ 
tive fun! Supports printers and plotters. IBM CGA/^A $39.95 

IJ GrHpll MaC reate bar, l,inc, pic, scatter and text 
charts or graphs* box* circle st line drawing; correlation &. regres¬ 
sion analysis & curve fltling; scalier plots. Translate dam into 
meaningful graphic pictures, on screen or printed out, in minutes. 
Use at |:nxer level and produce drawings and illustrations or jusi 
enter a set of data and have GraphMaster create the chart you need. 
Plot any math functiori. Save graphs & revise later. IBM $39*95 

□ ItAlWl W0T1C8'- Create and tnainlain mailing lists. Brint 
labeLc I, !L ,3, or 4 across. Get reference listings prinfed in 9 dilTeient 
formats. Easy lo use Till'in form on screen to add* revise, or delete 
names. Also prim general labels as tags* labels, etc. IBM & 
Compal,. Apple 11 $29.95 

□ SimTimAs~ Generates monthly or yearly sunrise and 
sunset tables for any year and for any location on Earth. Gel output 
to screen or printer. Also calculates the times of twiLighlf^tvil, 
nautical and astronomical) the maximum altitude of ihesun and the 
hours of sunshine for each day. Accurate, easy to use. IBM* $^.95 


Da yoti have a profiSSional I^uxllity Ofigiml pmgrani^ Wc may wont to publish iL 
Write fbr nir pnigiamnici's giikteliiics. Plnsc do NUT scad any software. 


□ Write n; TaU™ Apaly/.es handwiitlna W reveal MrsOn- 
ailty traits. For business testing or fun with family* friends. Devel¬ 
oped by certified graphologisi. Easy lo answer questions yield 
multi'pagc report on personality.drives. inlellecL emotions. Ana¬ 
lyse .signatures or lexi. Detailed manual & handwriiing satrmics 
provide guidance for accurate use. IBM/Applc II $49.95 

U Greail for weight control* rnenu planning* 

special dicts^ recipe analysis, iracks intake of calories, sodium, 
enoles[erT]|.nbcr& 20 others for over 1000 foods*&caloric5 for 100 
eicrciscs. Add your own foerds or recipes. Tuloria] disk Included 
teatrbtt you the program. " Ext rentely easy lo use* Highly recom¬ 
mended.'' CreatiTe Computing. IBM ^9.95 


variable size view of the iAy fur any iJite (9W9BC to 9999AD) & 
location on Earth. Investigate the past, present and future with 
LodeStarl Jricludcs over 9^)0 stars. Messier objects & the Sun, 
Moon A all planets. Any sixe view from ISO deg. to 0. EG deg. See 
solar itelipsra* planetary conjunctions* occuJtations. transits, etc. 
Zoom in or ouL Gel printouts for field or desk. IBM or compal*. 
3MK* OGAyEGAA^GA Works withAvilhout co-processor. $89.95 

uldfeUns Input the facts on your ancestors* near and far, 
from distant gcuerations to the pre^t, then generate various 
reports and listings to make clear your family heritage. Fedigrce 
charts* descendants charts, nwriage lists* family £mups,alphabefica*t 
lislinp & more. You needn't be a gemklogicaTcxi^, just select 
from menus for reports. IBM $39*95 

□ FliysiCAlO'-< lnirDd|iction lo FTiysics for high schoot/col- 

Icge Ici^]. Includes mechanics, gravity* cltxtncity, Jighl, quantum 
nnechanics & relativity. .30 key euuaiion.'J explained with easy on 
screen calculations. Example problems and answers, physics lenns 
and history . IBM or Apple [[ $29*95 

□ ]}l8UtlAS‘XF9A'-Ovcr 29,000 U5 cities. Plots cities on 
state or US maps. Zoom m or out to scale needed. Locates all cities 
a given distance from another city or atonga line specified by user. 
Includes nahonal parks* monuments.etc. Calculates disitajices be¬ 
tween 2d lies. ?riK:itea|jeditcatic.mal*fun!1BM CXjA/ECA $39.95 

Plus 55 More Ejicellcnt tYDgramsI 

Order Today! 


1 - 800 - 533-6666 ^ 


9-9 MON - SAT Orders Only 

For Info or in FA Call 4]2-4Z2-6«0e 
By phone or mail. Check. M.O.* credit cardf#Jtexpir.}. Add $3 
shij^ng(S5 overseas). FA add 6i%. Give coni[mlcr type. Add $1/ 
prog, for 3.5'TBM. Join tensof ihousandsof satisfied customers in 
50 sEaieii A Sb countries. Fast shipment! 

ZEPHYR SERVICES 

1900 Murray Ave* Dept. E Our 


zx 


Pittsburgh* PA 15217 Sth 
FREE Catalog-Call or Write Year 
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MEMORY PRODUCTS & MORE 

ONE STOP SOURCE FOR ALL PC MEMORY UPGRADES 

2808 Lafayette • Newport Beach, CA 92663 

(714) 723-4510 • (800) 222-8861 • FAX: (714) 723-0732 


IBM 

1 Compaq 

1 Eve rex 

Memory Upgrades 

1 Memory Upgrades 

1 Memory Upgrades 




List 

End 


Model 

Memory Added 

Price 

User 

Dealer 

PS/2 2S 

128K Kit 

$ 99 

S 40 

$ 30 

PS/2 30-286 

S12K Kit 

215 

129 

99 


2MB Kit 

995 

440 

360 

PS/2 so and 60 

512K Kit 

215 

129 

99 


2MB Kit 

995 

440 

360 

PS/2 SOZ 

2MB Module 

1395 

575 

495 


512K Kit 

215 

129 

99 


2MB Kit 

995 

440 

360 

PS/2 55 SX 

2M6 Module 

1345 

625 

495 

P/70 Portable 

2MB Module 

1395 

625 

495 

PS/2 70 E61 

1MB Module 

695 

325 

275 


2MB Module 

1395 

625 

495 

PS/2 70-121 

1MB Module 


325 

275 


2MB Module 

1395 

625 

495 

PS/2 70-A21 

2MB Module 

1395 

625 

495 

(the above module goes on the mother board) 

PS/2 80-041 

iMB Module 

695 

325 

275 

PS/2 80-111 

2MB Module 

1395 

695 

595 

PS/2 80-311 

2MB Module 

1395 

695 

595 

PS/2 80 

2-6 Board 



CALL 


2MB Module 



CALL 


IBM Memory Boards 



PS/2 S0,60,50Z, 

and 55SX Board w/lMB 


CALL 


Board w/2MB 


CALL 


Board w/4MB 


CALL 

PS/2 S0.60.50Z 

Board w/lMB 


CALL 


Board w/2MB 


CALL 


Board w/4MB 


CALL 

PS/2 70 and 80 

Board w/2MB 


CALL 


Board w/4MB 


CALL 


Board w/8MB 


CALL 


Hewlett Packard 

Memory Upgrades 


Model 

Memory Added 

LUt 

Price 

End 

User 

Dealer 

Vectra RS/25C 

1MB Kit 

$ 699 

$390 

$228 


4MB Kit 

2299 

680 

620 

Vectra RS/25 

1MB Kit 

699 

280 

228 


4MB Kit 

2299 

680 

620 

Vbetra RS/20 

1MB Kit 

699 

280 

228 


4MB Kit 

2299 

680 

620 

Vectra RS/20C 

1MB Kit 

699 

290 

196 


4MB Kit 

2299 

660 

590 

Vectra QS/20 

1MB KH 

699 

240 

196 

4MB Kit 

2299 

660 

590 

Vectra QS/16-SX 

2MB Kit 

1195 

330 

295 

Vectra QS/16 

1MB Kit 

699 

240 

196 

4MB Kit 

2299 

660 

590 

HP Laser Jet U 

1MB Kit 

699 

340 

299 

2MB Kit 

1299 

499 

399 


4MB Kit 

2299 

799 

699 

HP Laser Jet HD 

1MB Kit 

699 

340 

299 

2MB Kit 

1299 

499 

399 


4MB Kit 

2299 

499 

699 


Model 

Memory Added 

list 

Price 

End 

User 

Dealer 

Deskpro 386/33 

2MB Module 

$1295 

$795 

$ 695 

Deskpro 386/25 

IMB Module 

699 

315 

265 

4MB Module 

2599 

895 

795 

Deskpro 386/20 

1MB Module 

699 

315 

265 

4MB Module 

2599 

895 

795 

Deskpro 386 S 

1MB Board 

699 

425 

350 

4MB Board 

2599 

1095 

995 


1MB Module 

699 

315 

265 


4MB Module 

2599 

895 

795 

Deskpro 386/20B 

1MB Board 

699 

425 

350 

4MB Board 

2599 

1095 

995 


1MB Module 

699 

315 

265 


4MB Module 

2599 

895 

795 

Deskpro 386/16 

1MB Kit 

599 

280 

210 

1-2MB Board 
4-8MB Board 

995 

2195 

1450 

1250 

Portable 386 

4MB Kit 

1MB Kit 

699 

495 

395 


4MB Board 

2395 

1395 

1195 


4MB Add-On 

2395 

1395 

1195 

Pbrtable U1 

512K Kit 

399 

144 

114 


2MB Kit 

995 

365 

295 

Compaq SLTr286 

1MB Module 

699 

465 

395 

Deskpro 286/E 

1MB Module 

699 

315 

265 

4MB Module 

2599 

895 

795 

Deskpro 286 

512K Kit 

159 

95 

92 


AT&T 

Memory Upgrades 


Model 

Memory Added 

list 

Price 

End 

User 

Dealer 

6386/33 WGS 

4MB Kit 

$2299 

$680 

$620 

6386/25 WGS 

4MB Kit 

2299 

680 

620 

6386/SX WGS 

2MB Kit 

1195 

330 

295 

6386 WGS 

1MB Kit 

699 

240 

196 


4MB Kit 

2299 

660 

590 

6386 EWGS 

1MB Kit 

699 

240 

196 


4MB Kit 

2299 

660 

590 

6286 

2MB Kit 

1195 

330 

295 


Zenith 

Memory Upgrades 


Model 

Memory Added 

Ust 

Price 

End 

User 

Dealer 

386/25 

1MB Kit 

$ 799 

$375 

$295 


2MB Kit 

1499 

695 

595 

386/33 

1MB Kit 

799 

395 

325 


2MB Kit 

1499 

750 

625 

Z-248/12 

2MB Kit 

1195 

330 

295 

Z'248/LP 

2MB Kit 

1195 

330 

295 


Intel 


Model 

Memory Added 

list 

Price 

End 

User 

Dealer 

386 IS Step 2701 

2MB Kit 

$ 499 

$235 

$216 

4MB Kit 

925 

475 

432 

3000G 

1MB Kit 

455 

180 

152 

386 Step 33 

4MB Kit 

2299 

680 

620 

286 Step 16 

ZMB Kit 

1195 

330 

295 

4MB Kit 

2199 

660 

590 

386 Step 16 

1MB Kit 

699 

240 

196 

4MB Kit 

2199 

660 

590 

286 Step 20 

1MB Kit 

699 

240 

196 

4MB Kit 

2199 

660 

590 

386 Step 25 

1MB Kit 

699 

240 

196 

4MB KU 

2199 

660 

590 


AST 

Memory Upgrades 




List 

End 


Model 

Memory Added 

Price 

User 

Dealer 

AST Premium 386/33 1MB Kit 

$ 499 

$295 

$245 


Add-On Board 



CALL 

AST Premium 386/25 1MB Kit 

450 

260 

225 


Add-On Board 



CALL 

AST Premium 386C 

1MB Kit 

699 

240 

196 


4MB Kit 

2299 

660 

590 

AST Premium 386 

1MB Kit 

699 

280 

228 


4MB Kit 

2299 

680 

620 

AST Premium 386/16 IMB Kit 

699 

240 

196 


4MB Kit 

2299 

660 

590 

AST Workstation 

512K Kit 

299 

120 

98 


ZMB Kit 

1195 

330 

295 


4MB Kit 

2299 

660 

590 


512K Kit 

299 

120 

98 


ZMB Kit 

1195 

330 

295 


4MB Kit 

2299 

660 

590 

Bravo/286 

128 Kit 

125 

75 

52 


512K Kit 

299 

120 

98 


ZMB Kit 

1195 

330 

295 


4MB Kit 

2299 

660 

590 

AST Premium 286 

512K Kit 

195 

95 

72 


Wc cany all AST memory boards 


Dell 

Memory Upgrades 


Model 

Memory Added 

List 

Price 

End 

User 

Dealer 

DeU 200 220 

512K Kit 

$ 299 

$120 

$ 98 


1MB Kit 

699 

240 

196 


ZMB Kit 

799 

330 

295 

Dell 310 

1MB Kit 

699 

240 

196 


4MB Kit 

2299 

660 

590 

Dell 325 

1MB Kit 

699 

280 

228 


4MB Kit 

2299 

680 

620 

Dell 33MHx 

1MB Kit 

699 

280 

228 


4MB Kit 

2299 

680 

620 


DEC 

Memory Upgrades 


Uat End 

Model Memory Added Price User Dealer 

DEC Station 3100 4MB Kit t2995 S1500 tl400 

VAX Station 3100 SMB Kit CALL 


Epson 

Memory Upgrades 


List End 

Model Memory Added Price User Dealer 

Equity 386 IMB Kit t699 8240 $228 

2MB Kit 795 395 350 

We also carry Equity n memory boards 


WYSE 


Memory Upgrades 


Model 

Memory Added 

list 

Price 

End 

User 

Dealer 

WY-2116 

ZMB KU 

$1199 

$330 

$295 


4MB Kit 

2299 

660 

590 

WY-3216 

1MB Kit 

499 

245 

210 

WY-3225 

4MB Kit 

2299 

680 

620 


Memory Upgrades 


Model 

Memory Added 

Ust 

Price 

End 

User 

Dealer 

Model 301 

4MB Kit 

$2299 

$660 

$590 

Model 302 

4MB Kit 

2299 

660 

590 

Model 303 

4MB Kit 

2299 

680 

620 

Model 300 SX 

ZMB Kit 

1195 

330 

295 


Sun Micro Systems 

Memory Upgrades 


Model 

Memory Added 

list 

Price 

End 

User 

Dealer 

Sun 3/60 

4MB Kit 

$2199 

$660 

$590 

Sun 386H 

4MB Kit 

2199 

660 

590 

Sun 4/110 

4MB Kit 

2299 

680 

620 

Sparc Station 

4MB Kit 

2199 

660 

590 


Silicon Graphics 

Memory Upgrades 




list 

End 


Model 

Memory Added 

Price 

User 

Dealer 

4D-20 

4MB Kit 

$2599 

$680 

$620 

4D-70 

4MB Kit 

2599 

680 

620 

4D-120 

SMB Kit 



CALL 

4D-240 

SMB Kit 



CALL 


Apple 

Memory Upgrades 




Uat 

End 


Model 

Memory Added 

Price 

User 

Dealer 

Mac 11 a 

4MB Kit 

$1195 

$560 

$504 

Mac II 

256K a 8 SIM 

125 

50 

45 


IMeg Kit (4 SIMS) 

599 

200 

180 


IMeg X 8 SIM 

395 

140 

126 


4Meg Kit (4 SIMS) 

1145 

560 

504 

Mac Plus 

256K X 8 SIM 

125 

50 

45 


IMeg Kit (4 SIMS) 

395 

290 

180 


IMeg X 8 SIM 

395 

140 

126 


2Meg Kit (2 SIMS) 

699 

280 

252 


4Meg Kit (4 SIMS) 

1195 

560 

504 

Mac SE 

2S6K X 8 SIM 

125 

50 

45 


IMeg Kit (4 SIMS) 

395 

200 

180 


IMeg X 8 SIM 

395 

140 

126 


2Meg Kit (2 SIMS) 

699 

280 

252 


4Meg KU (4 SIMS) 

1195 

560 

504 

Mac UCX 

256K X 8 SIM 

125 

50 

45 


IMeg Kit (4 SIMS) 

345 

200 

180 


IMeg X 8 SIM 

395 

140 

126 


4Meg KU (4 SIMS) 

1195 

560 

504 

Mac SE/30 

256K X 8 SIM 

125 

50 

45 


IMeg KU |4 SIMS) 

395 

200 

180 


IMeg X 8 SIM 

395 

140 

126 


2Meg Kit (2 SIMS) 

699 

280 

252 


4Meg Kit (4 SIMS) 

1195 

560 

504 


COMPAQ • IBM • APPLE • HEWLETT PACKARD • AST • AT & T and More. . . 

• 5 Year Guarantee • Same-Day Shipping • Full Technical Support 
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REGIONAL 


WHAT'S NEW 


METRO NEW YORK • N E W ENGL A N 1) 


FormalSoft Ships 
3-D Spreadsheet 

P roQube, the successor to 
QubeCalc (FormalSofi's 
shareware program), pro¬ 
vides 512 rows by 512 columns 
by 512 individual pages in its 
worksheet. The three-dimen¬ 
sional spre ad she el prog ra rn 
lets you view your spreadsheet 
as if it were a cube, with the 
ability to rotate and slice 
across multiple sheets. You 
can view, enter, or manipulate 
data from multiple work¬ 
sheets on the same screen. 

ProQube's presentation- 
quaiity graphics let you gener¬ 
ate three-axis bar and area 
charts with various fonts and 
col o rs. The prog ram's app I i - 
cation language lets you take 
advantage of windowing, 
menus, and error systems. It 
also offers DOS access. Ap- 
plication programs reside out¬ 
side the worksheet, and you 
have the ability to set condi¬ 
tions to start up applications 
a ti lomat ica 11 y. The spre ad shee t 
can import and export Lotus 
1 -2-3 and dBASE files across 
multiple pages. Other fea¬ 
tures include search and re¬ 
place, EGA 43-line support, 
and linking to other 
spreadsheets. 

Novice users will appreci¬ 
ate the Back-Track menus that 
let you see each level of the 
menu system, a file manager, 
and a macro recorder, 

ProQube runs on the IBM 
PC with 640K bytes of RAM, 
DOS 2.0 or higher, and a 
hard disk drive. 

Price: $247.50. 

Contact: FormalSoft, P,0. 

Box 1913, Sandy, UT 84091, 
(801)565-0971. 

Inquiry 1013, 


ProQube's fhree-dimensionai capahiikies lei create three- 
axis bar graphs, like this comparison of Jour years ' sales for a 
six-month period. 


Storage Tank 
Inspections 
Made Easier 

C hemCak 17:EPA Stor¬ 
age Tank Emissions 
Analysis is a program for 
calculating organic liquid tank 
emissions of storage tanks in 
accordance with the recom¬ 
mended Environmental Pro¬ 
tection Agency standards, Gulf 
Publishing reports. 

All lank configurations 
found in EPA regulations are 
supported, as are all nine 
lank seals and painting combi¬ 
nations of roof and shell 
color; welded and riveted 
tanks; fixed, internal float¬ 
ing, and external floating tank 
roofs; tank diameter and 
height in feet: and more. 

The program calculates 
the breathing and working 
losses for fixed-roof tanks 
and ihe rim seal and with¬ 
drawal losses for internal and 
external floating-roof tanks, 
ChemCalc 17 runs on the 
IBM PC with 256K bytes of 
RAM. 

Price: $495, 

Contact: Gulf Publishing 


Co., Software Division, Dept. 
F6, P.O. Box 2608, Houston, 
TX 77252, (713) 520^444, 

Inquiry 1016, 



Lock Your 
Macintosh with 
Keylock 


he first product from a 
I company called Viking- 
Tech secures your Macintosh 
files with software for pass¬ 
word protection and a physi¬ 
cal lock for your floppy disk 
drive slot. 

The p3.ssword software of 
Key Lock is pan of the I NIT in 
the System file, and Key Lock 
rebuilds itself every lime you 
log on, the company says. 

The Key Lock password pre¬ 
vents access to the hard disk 
drive. 

Price: $89.95. 

Contact: VikingTech, Inc., 
5752 Oberlin Dr., Suite 200, 
San Diego, CA 92121, (800) 
955-5625 or (619) 457-4935. 
Inquiry 1014, 


Ad-Com position 
Program 
Formats Text 

W ilhAdWorks2.0, an 
ad-composition and 
full-page layout program for 
newspapers and ad depart¬ 
ments, you can pour ASCII 
text into a template, and the 
program automatically con¬ 
verts it to the format in which 
it should appear. For exam¬ 
ple, if you must send the same 
ad to different newspapers, 
you can set the program up to 
format the text for each 
newspaper automatically. In 
addition to support for color, 
the program can search and re¬ 
place for a font, style, point 
size, or color and replace one 
or all of them in the entire 
document or just an area that 
you specify. 

You can scan a photo into 
the document for FPO pur¬ 
poses, Once in the document, 
you can crop, rotate, and re¬ 
duce the photo or graphical 
image. Thus, when you send it 
to the printer, there won't be 
any doubt as to how the photo 
should appear. Text can flow 
around or inside irregularly 
shaped objects, Concept Pub¬ 
lishing Systems reports. 

AdWorks 2.Q features 
point-to-point kerning and 
tracking at up to 0.001 of an 
em space precision. Also new 
is an 85,000-word spelling 
checker. You can create grid.s 
and rulers in such increments 
as pixels, inches, picas, points, 
and millimeters, 

AdWorks 2.0 runs on the 
Macintosh Plus or higher with 
1 megabyte of RAM, but the 
company recommends that you 
have at least 2 megabytes. 
Price: $1495. 

Contact: Concept Publishing 
Systems, 809 Park Ave., Bea¬ 
ver Dam, WI53916, (414) 
887-3731. 

Inquiry 1012* 



First Half Sales 

ACME Bardvatre Cofp 


Month! 
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Santa*s Greetings 



DIAL 

(617) 



LAPTOPS 

5 2 7 8 6 7 7 

NEW ENGLAND’S AUTHORITY ON LAPTOPS AND PORTABLE COMPUTING 
Authorized Service for: Zenith • Toshiba • NEC 
We can add portabie phone/modem for remote communications 

Our Laptops come 

— OFFERING — 

NEC • ZENITH • TOSHIBA 

Sharp • Altlma One • Sanyo ... more 
20 models on display 


with more than just 
the Box!! 



• Factory trained technicians 

• Professional Solution Consultants 

• Rent/Lease 

• System formatted and tested 


Windows 386 
$50 with 386 purchase 
Attn: MiS Departments 
and 386 Users!!! 

TOSHIBA— T-5200. T-1600. T-5100, T-3200, T-3100e, 
T-1200 & T-1000 

NEC —ULTRALITE, PROSPEED MODELS 286 
AND 386 

ZENITH —NEW MINISPORT: AVAILABLE 

MITSUBISHI —286 Laptop w/Modem & Case: 
SPECIAL PRICE 


Best Prices in New England 


Massachusetts SOMBA Certified 


SAVE $$$ 



rtt 1 I I ^ I i I I it r \ \ 

If t I * I f I T » t 1 1 V 

m f t j t jf : f 1 * I I 

f i # f t t T I I r ill 

♦ if t 1 t I I I \i 


* Richly featured, yet weighs just 6.4 pounds. 

* fncfades 5t2KB memory, expandable to 

■ 720KB floppy drive, reflective supertwist 
display and MS-DOS^2.V in ROM standard. 

* Runs on NiCad rechargeable battery pack or 
AC power for continuous operation. 

T1000 Reg. $1,000 
Too low to quote. CALL 

B12/24/89 

New Zenith Models 
Available 


Zenith Preferred Service Center 


Toshiba Service Center 


NEC Premier Service Center 


LAPTOPS, etc. 164 HAMPSHIRE STREET, CAMBRIDGE, MA 02139 (617) 527-8677 


In MA dial 1‘800-d66-METRO for service 


Other Store Locations: 


Falls Church, VA 


Washington, D.C. 


Baltimore, MO 


Circle 553 on Reader Service Cord 
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rp THE COMPUTER iw 
W DISCOUNT CENTER miiii 



The Ultimate 
286-16 MHz System 


OSICOM 

XT-Turbo 


&TANOAAD FEJmJRIS: 

» 51ZK Exp. 4Me 
On Mainboard 

• 90286 ProcoE$or 

- 6-16 IMHx 

• 40 Meg Hard Drive 

• 12 Mug Floppy 

• Oloctr CilendBf/ 

Battury Backup 

• Mono Graphici Card 

• TTLMonhor 

• IDT Enhanced Xeyboari 

• Parallel Primer Fort 

• a Eipanslan Slots_ 

• 200WlunPDUierSu|ip$v 

• Floppy 6 Hard Drive. 
ConlroHer Card 

- Made In USA 

• 1 year parti and labor 



1IV4J7 MHz 6086 

Phoanli OIOS UPnOHa -«_ 

64aK RAM,fDI enhanced • 3.5 Happy dff^ 
keyboard • 8087 CO procena 

0067 Co Procenor 
socket 

150 wan power ivppry 

‘ ' -IK 



rasTHE $1000 

LOWPIKEOF I£93 


EPSON 


C 0 U !> U 


, , . EQUITY I -I- $688’ 

^ I EQUITY IE $748' 
EQUITY II-F $1088' 
EQUITY IIU $1280' 


rHEADSomm 

II I I by Vmdex* 

lySACjfd 


•mu-n 

^raa MftE== immhi 

FlimDini 
•Tin.MNIDiKDriVE 
* 32 N6 turd Drift 
■^IDI KlylHIfX 

7’V^ 



*2199 



MAC DRIVES 


MacBEST 

HARD DRIVE SUBSYSTEMS 


HARD DRIVES 


MODEL# 

SPEED 

MB 


M6cBEST2aE 

40mB 

21.3 

$419 

MacBEST 3EIE 

ZBms 

32.3 

S469 

MacBEST 40E 

2Bm£ 

43.1 

$519 

MacBEST 60E 

2Bms 

&4.g 

$599 

MacBEST BOE 

28ins 

05.0 

$799 

MacBEST IDSE 

25iit* 

mo 

$949 

MacBEST 1BDE 

17ntt 

173.0 

$1499 





SE, 5^30, ftmnaifx 


MacBEST 201SES 

40niE 

21.3 

$349 

MacBESTSQISE 

2BifiS 

32.3 

$379 

MacBEST 401SE 

ZBins 

46.6 

$479 

MacBEST TOSiSE 

25ms 

105.0 

$599 

M4CWT05FI«CJ< 


MacBEST ZOICXs 

AOms 

213 

$349 

MacBEST 301CX 

ZBms 

32.3 

$379 

MacBEST 4B1CX 

20rta 

48.6 

$479 

MacBEST 1DGO 

ZSntc 

mj 

$599 

M4Ci/YTD$N//a/idr/x 


MacBEST 601 

ZBmt 

64.8 

$499 

MacBEST BDI 

2Bms 

S5.0 

$529 

MacBEST 1501 

ITms 

156.0 

$1299 

MacBEST 1801 

17ms 

173.0 

$1399 

MacBEST 3001 

Mm 

300.0 

$1699 

MacBEST 6001 

17mi 

600.0 

$2799 


^Seagate 


SrZ26IQt m ZOMI MFi iSini 

STZ38AKI NH me RU SSire 

ST2S141 HR «WI HFIM 7Sm 

STznni HR me nu am 

Stm FR HMI HFM JSm 

sni44fl FR ime Ru nm 

MICRDPOUS 

Ml 133SK FH 71111^ mi $S99 

FH im bdi lam sioss 

Mf5$6tSII FH 33tMd ESDI llms $169S 


$229 

$254 

$329 

$369 

$539 

$599 


pMiniScribe 


MHXS3K 

HH 

4MB 

MFM 

NHDKK 

HH 

/BMB 

MEN 

IIN31MEII 

HH 

112118 

ESDI 

MN 31301 

HR 

KNB 

MFN 

Mwizzsm 

5.5 

ZOMI 

W/ADAP 

MNI42SI 

1.5 

ZOMI 

MFN 

MNHWm 

5.5 

AQMI 

W/AOAP 

HOHniEK 

FH 

32DKB 

Esn 


ZZm 

!71w 

iimi 

m 


$379 

$529 

$995 

$269 

$249 

$219 

$319 

$1599 


FLOPPY DRIVES 


EXTIRNAL FLOPPY FOR P5-2 $199 


SCANNER 


DFIHafidyScanner $199 





MTRODUCES 


The Ultimate 
386-25 MHz System 


• 1 Meg Exp. 4MB 
On MiJnboard 

• 00306 ProcBSSOr 

• 8-25 MFb 

• 40 Mep Hard Urfve 

• 1.2 Meg Floppy 

> Clock Calendar/ 

Oatterv Backup 

> Mono graphics Card 

• m Monitor 

• 101 Enhained Keyboard 

• Parallel Frinter Fori' 

• Serial Port | 

• 8 Expaniton Sims I_ 

- 200 vm Power Supply 

• Floppy A Hard Drive 
Coclrollar Card " 

• MS&OOSL3A 
GWBaxJc 3.2 

• MadolnUSA 
« 1 year parti and 

FOR THE 
LOW PRICE OF 



Panasonic 
Printers 



Kx-Piieo '175” 

KX-P1191 *235” 

KX-P1124 *319'* KX-P1S9S *429” 
KX-P16Z4 CALL KX-P1524 *545“ | 
MANY QTHEfl BRANDS IN STOCK 


NETWORKS 


W£SrB§iJU aiGiTAL 

WOUUlSiTSI STMCHaonOSMBAUFTOF $199 

WDUN-RR lOPCflTACTIVE HUB $319 

WDLAN^Pfl STARMPLUS $169 

WOLAH-SHP STAflUNKPlUS $219 

WDLAH-TRH 1DUN HUB MEIHA ACCESS UHH $2S9 

VIDLAH-TnHPWR lOXENHUINO.AieiFJS $ 79 

WOLAHTRIS TOIEMCAAOWSW/RAMSOCXnS $319 

EIHEfiCAFID+ ETHQRCA80PUIS $329 

ETHERCARO+SOC ETHSHCA»D+WfflD«lSOC $259 

HHERCARD+TF FORUHSHlELBEOtWlSTEt] $319 

nHEflCAft&+ PSiSETHfBCAflO+fOflPSiZ $319 

STARUN mERSIARUUIV/inANn $749 

WDNET-aiE ADVHETWDRKFfflWO $1499 

WDROtt-HOV fiOmMFOAETHEBCAFa)+ $ 29 

WOKO-ELSI A1MNCE0NETWBEELSI $899 

WO MW ADMMCEDNETWIREELS $439 

WDNETSFT AlTVHEnHUlESnvZ.l5 $2999 

MtlKE7-ELS83.S EUlISlSIVZ.tS $699 

VIIIHIE1SFT35 SFT»ieMflEirW.1S $3999 


ABVIIQA ACCESSORIES 


AMIGA 

^"the vault^ 

Hard Drives For 
Amiga 500 $1000 
ZBHE6 $499 
Mm $599 
Mm $699 
ESMEG $799 


FftOOBI $349” 

MINI GEN $209" 

ASm RAN CLONE 512KH» $139" 

{For AMiGA 500) 

MEGA BOARD anO 

irrz magi Ham 


$499" 

FRAME WBER Beal Time 
Vtdia Imiie DiDlUm $549" 


OPEN 10 AM to 8 PM MONDAY THRU SATURDAY - TEANECK OPEN SUN. 11-5 


PARAMUS 


TTO RT, 1 T NORTH 
RARAMU5, N.a. 07652 
201-444.7367 


I TEANECK 


506 OEDAR I-AN6 
T6ANEeK, N.a. 07666 
201-836-6666 


Prices and avadahtlitv fuhieci ta change wiihout noticei. *Must be idIO with vlUea urd and monltDr In store prices may vary. ^.95 minimum s^htpplng, banding and insurance cbarge, All major craiiil ^ards acccpitd 
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Instant 



Techno 

Replicatof'^ System 


Using your favorite CAD 
program: AutoCAD®, VersaCAD®, CadKEY®. 
etc. Then simply transter it to MasterCAM through an IGES file 


PARTS 


m your 


I i: ^ 







On the Techno Replicator™ using a variety of materials ranging 
from machineabie wax, wood and plastic to non-ferrous metals. 

Using any font or design from your CAD package. 

The MasterCAM program provides full 3-D tool path motions 
and tool path compensation. Make any 3-D curved surface 
you can draw using simple menu commands. Seven milling 
table sizes available up to 4 ft. x 4 ft. Write, fax or call for detailed 
literature. 



‘Does not include IBM PC or milling head. 

MosterCAM® A registered trademark of CNC Software Inc. 
r'iWJfl /in Rmdfir C!ard (DEALERS^ 386i 


2101 Jericho Turnpike 
New Hyde Park, NY 11040 
TEL: (516) 328’3970 
FAX: (516) 326-8827 
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A Message About Buying Futures. 

In today's hi-tech marketplace, with moment to moment progress, it is easy to be misled when 
purchasing a computer system. 



Eli Hertz j President 


A simple rule of thumb can 
be applied here to safeguard 
against spending money you 
don't have to spend for things 
that it will never do... If it can't 
work for you 100% TODAY 
don't buy it 

When PC manufacturers 
try to rush you into buying an 
upgradeable system so it 
*"will run 488, 586, 007, or 
7-Eleven...", you should send 
them to your stockbroker... they 
deal with futures! 


It is just plain risky to 
buy predictions of what 
hardware will look like, 
perform like, or fit into when 
it could all change in a split 
second. It's like buying a car 
now that won't be ready to 
drive for a year! 

So be careful out there. 
Ask questions, shop around, 
make purchases cautiously. 

Call us. We^dr be happy 
to assess your needs. 


HI 



Computer Corporation 

The Power of Choice 
212-684-4141 




Investigate possibilities ... don^t buy them. 


Are You Wasting RAM? 

If you use any of these popuplar programs, chances are you are, unless you have Innovative Data Concepts' memory- 
saving utility programs: 

The SWAP Utilities^'^’ 

Each of these eight exciting SWAP programs use less than 8000 Wtcs of RAM, and provide most of the functionality 
of the full utili^ program at a tremendous savings in RAM. the following useful but ram-hungry TSRs can be 
'tamed' by IDCs utility programs: 


SWAPSKt™’ - Borland’s SideKick 
SWAPTN^™) “Micro Logic's Tornado 
SWAPSHt™) -- PC Tools Deluxe Shell 
SWAPMr™! -- Lotus Metro and Express 


SWAPSPt™) -- Borland’s SideKick Plus 
SWAPMM^'^J “ Broderbund's MemoryMote 
SWAPDTt^'^) -- PC Tools Deluxe Desktop 
SWAPNGf^'^J “ The Norton Guides 


Read what people have been saying about The SWAP Utilities: 


"Unlik© such early TSR managers as Referee, The SWAP Utlfltles do not need to 
reserve a large parking lot in DOS, so your applications can use all the RAM that 
SWAP frees; 


Edward Mendelson^ PC Magazine First Looks, April25, 1989 


"The Swap Utilities tamp down four large, but highly useful, TSRs .... down to 8-9K 
... attacking the problem of memory overcrowding with a program, rather than 
more hardware. 

Jeff Angus, InfoWorld, MayB, 1989 


At a cost of just $25, these programs are ones you can't afford NOT to havel For more informa Hon about The SWAP 
Utilities, call IDC at 1*215-884-3373, or write: 

innovative Data Concepts, 1657 The Fairways, Suite 101, Jenkintown, PA 19046 
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PERFORMANCE PRICE SERVICE 

FIND THEM ALL AT ON LINE COMPUTER 



ON LINE 286 

MULTISYNC COLOR SYSTEM 

12 Mllz Motherboard 
80286- 12 CPU 
Seagate 20MB Hard Drive 
1:1 Interleave Hard Drive Controller 
1,2 MB Floppy 

1MB RAM (Expandable to 4MB) 

2 Serial Ports • 1 Parallel Port * 1 Game Port 
8 Expansion Slots • 200w Power Supply 
101 Key Keyboard • Reset Button 
14* VGA Multisync Monitor • Keyboard Lock 
VGA Multisync Graphic Adapter Card 
C lock/Calendar with battery backup 
Socket for 80287 Math Coprocessor 


ON LINE 386 

MULTISYNC COLOR SYSTEM 

20 MHz Motherboard 
80386 - 20 CPU 

Seagate 40MB Hard Drive (28ms) 

1:1 Interleave Hard Drive Controller 
1,2 MB Floppy 

IMB RAM (Expandable to 16MB) 

2 Serial Ports • 1 Parallel Port • 1 Game Port 
8 Expansion Slots • 200w Power Supply 
101 Key Keyboard • Reset Button 
14^ VGA Multisync Monitor * Keyboard Lock 
VGA Multisync Graphic Adapter Card 
Clock/Calendar with battery backup 
Socket for 80387 Math Coprocessor 


COMPLETE SYSTEM ONLY 

n895 


COMPLETE SYSTEM ONLY 

«*2795 


BOTH SYSTEMS COME WITH A LIMITED 2 YEAR WARRANTY 

On Line Computer is a full service store serving the public for more than 6 years. We carry a 
large assortment of software for: IBM (and compatibles), Atari, Macs, & Commodore 64. We also 
carry a full line of supplies & accessories at low prices. 


QUANTITY DISCOUNTS FOR SCHOOLS AND CORPORATE ACCOUNTS 


AUTHORIZED DEALER FOR: 




A ATARI' «S SAMSUNG 

^0 Inform^iian Sy^^ems 

AT&T ST ARLAN AND NOVELL NETWORKING 


OA/ L/A/e COMPUTER 


FULL SERVICE & COMPUTER UPGRADES AVAILABLE AT REASONABLE PRICES 
STORE WIDE SAVINGS ALWAYS AVAILABLE AT TWO CONVENIENT LOCATIONS: 


280 Main Street <RT 28) 
Colonnade Building 
North Reading, MA 

Afnoss from Atlantic P h*™ 

(508) 664'mO 


450 South Broadway 
Newman Plaza 
Salem, NH 

Next to Newman Ford 

(603) 894-6314 
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COSTS LESS.* 


Introducing Minta Computers. 

Maximum Systems. Minimum Cost. 

Li^en to the language of Minta - a complete line of powerful* reliable 
PCs for less. Minta means the maximum PC for the money and 
higher profit margins for you. 

Minta^s unique, slim afl-m-one design, its high speed performance, its 
excellent professional service Minta is the only PC with a 2-vear 


warranty - all have made Minta a best seller in Europe and the Far 
East for years. 


To introduce Minta to America, we're offering incentives to resellers 
and distributors nationwide: complete advertising and service support 
arid an opportunity to work with the highest possible margins - at a 
pnce point you can pass on to consumers to Introduce them to the 
r'L people are talking about all over the world. 

Because in any language, Minta means more - and costs less. 


Add Minta to your product line. Call 1*800-82-MINTA 
Make more with Minta today! Tel: (201) 417-0388 



Fax; (201) 417-0389 



05 Newfield Ave. 
Raritan Center 
Edison, NJ 08837 
TEL: {201) 417-0388 
FAX: (201) 417-0309 


/y\\/iTA 


MINTA MEANS MORE. 


*Powerful. Compatible. 
Reliable. 


laipei. laiwan 
Flaritan Center TEL: 783-3847, 


Taipei, Taiwan 


Hamburg, 

V\fesl Germany 

TEL: (040) 51 80 67, 51 80 68 
FAX: (040) 51 53 68 
TLX: 21 25 96 MINTA 




Edison, NJ 08837 703-6005, 783-6418 

TEL: {201) 417-0388 FAX: 886-2-7821015, 


FAX: (201) 417-0309 806-2-7820040 
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WHY NOT 


WHY 


■ H»gh quality industry standard products at unbeatable prices 

■ Multi-million dollar inventory asswng you prompt delivery. 

■ 16 years of quality and dependability in the computer business. 

■ Knowledgeable sales reps who help you plan, design, implement 
and nranage your computing environment 

■ 15 step bum-in and test procedure on all equipment. 

■ A service department that maintains your equipment in first 
rate condition 

■ Support specialists in sophisticated applications such as 
Netwofiring, CAD/CAM, Desktop Publishing and Connectivity. 

■ Risk free corporate evaluations, both in house and on location; 
deimonstrations on the newest and most innovative products. 


WIY 

NEC 

m Recognized as the standard in providing quality products, high 
performance rates and user reliability 

■ An industry leader in the research and development of computer 
products for the past three decades. 

■ Outstanding desktop engineering systems designed for high user 
performance and growth potential. 

■ Industry Standard Architecture (I.S.A) and Extended Inckistry 
Standard Architecture (E.I.S A) 

■ 24 Billion dollar a year company with an on-going multi-million 
dollar commitment to research and development. 

■ State of the art design with an extensive family of feature 
rich products. 

■ All systems designed with the end-user in mind. 


IIUILE YlUR C0MPUTIN6 POWER 

with the only two names you need to remember. MANCHESTER and NEC. Give us a call today and find out more about the 
NEC PowerMates. Why not work with the best! Let MANCHESTER satisfy all your system needs 
and lead your company through today's computer world and beyond. 



Authorized NEC Computer and Printer Dealer 

MANCHESTER EQUIPMENT CO., INC. 



"The Computer Supply and Equipment Experts 

SYSTEMS INTEGRATION ■ NETWORKING ■ CONNECTIVITY ■ CAD/CAM ■ DESKTOP PUBLISHING 

50 MARCUS BOULEVARD ■ HAUPPAUGE, NEW YORK 11788 

(516)435-1199 ■ (516)434-8700 ■ FAX (516) 435-2113 

New York City . Ft. Lauderdale . Tampa « Boston 

(212)629-6969 " (305)491-7660 " (813)962-8088 " (617)739-1555 

For additional information, ask for Dan Kalata 


788 
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Buy with 

Confidence 



In an effort to make your 
telephone purchasing a more 
successful and pleasurable 
activity. The Microcomputer 
Marketing Council of the 
Direct Marketing Association, 
Inc. offers this advice, "'A 
knowledgeable buyer will be a 
successful buyer/' These are 
specific facts you should know 
about the prospective seller 
before placing an order: 

Ask These Important 
Questions 

• How long has the company 
been in business? 

• Does the company offer 
technical assistance? 

• Is there a service facility? 

• Are manufacturers warran¬ 
ties handled through the 
company? 

• Does the seller have formal 
return and refund policies? 

• Is there an additional charge 
for use of credit cards? 

• Are credit card charges held 
until time of shipment? 

• What are shipping costs for 
items ordered? 


Direct Marketing Ass,i>cialiim, tnc, 19HH 


Reputable computer dealers 
will answer all these questions 
to your satisfaction. Don't 
settle for less when buying your 
computer hardware, software, 
peripherals and supplies. 

Purchasing Guidelines 

• State as completely and ac¬ 
curately as you can what 
merchandise you want in¬ 
cluding brand name, model 
number, catalog number 

• Establish that the item is in 
stock and confirm shipping 
date. 


This message is brought to you 
by: 

the MICROCOMPUTER 
MARKETING COUNCIL 
of the Direct Marketing 
Association, Inc. 

6 E. 43rd St., 

New York, NY 10017 

MMC 

MICROCOMPUTER 
MARKETING COUNCIL 

□f the Direct Marketing Association, Inc. 


• Confirm that the price is as 
advertised . 



r 




• Obtain an order number 
and identification of the 
sales representative, 

• Make a record of your 
order, noting exact price in¬ 
cluding shipping, date of 

0rder, promised shipping 
date and order number. 

If you ever have a problem, 
remember to deal first with the 
seller. If you cannot resolve the 
problem, write to MAIL 
ORDER ACTION LINE, c/o 
DMA, 6 E. 43rd St., New York, 
NY 10017. 


I 
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CD-ROM 

Products 

Available from 
Online 



CD-ROM packaged software and hardware 
products for immediate delivery; 

■ Packaged Software Grolier's New Electronic 
Encyclopedia® Microsoft's Programmer's Library, 
StatP^c, and Small Business Consultant are all 
available in one fully integrated hardware and 
software package for IBM® PC class and 100% 
compatibles, or the IBM PS/2® Grolier's New 
Electronic Encyclopedia is also available for the 
Macintosh. IBM PC networked version of Grolier's 
also available. 

■ OPTI-NET® Local Area Network (LAN) Package, 

developed by Onhne, provides a software solu¬ 
tion enabling CD-ROM applications to mn on 
NET BIOS™ compatible LAN's (including IBM 
Token Ring, IBM PC Net, 3 COM, Novell, and 
Ungermann-Bass), and Novell Netware IPX/SPX. 
Opti-Net for NFS workstations will be released 
soon. 

■ CD-ROM Controllers and CD-ROM Drives. Online's 
high performance CD-ROM controllers for the 
IBM PC AT and compatibles and the IBM PS/2 
Micro Channel provide added features not avail¬ 
able with standard controllers, including support 
for OS/2 and multi-tasking. Available for immedi¬ 
ate shipment are the CD-ROM controllers as well 
as packaged CD-ROM drives and controllers. 

■ Desktop Optica] Storage Units (OSU) in 2, 4, and 
8-drive configurations. Provide ability to access 
multiple CD-ROM databases and databases span¬ 
ning more than one drive. Use on a single worksta¬ 
tion or for network applications on the file server. 

■ Multimedia Data Storage Units (MDU) are 

designed to meet your unique workstation needs. 


We configure with combinations of CD-ROM, 
WORM, Erasable Optical, and Magnetic Media. 
Call to discuss your specific requirements. 

■ Optical Publishing Solutions. Online can provide 
complete solutions for your product or your in- 
house publishing needs. Call us to discuss how we 
can use our Opti-Ware™ value-added software 
solutions to package your product—whether it be 
parts and product catalogs, technical documenta¬ 
tion, financial and business data, reference works 
and encyclopedias, multimedia programs, or 
others. Opti-Ware™ retrieval runs under MS-DOS, 
OS/2, Unix, and MAC-OS. Opti-Ware can be 
licensed for your in-house publishing on IBM 
Mainframes, DEC VAX, and Unix workstations. 

■ Networked systems are available. 

■ Other Databases are available. Please call for 
further information. 

■ Distributor, OEM, and Reseller inquiries invited. 

Ordering Information 

To order, call our tolLfree number from 9:00 to 5:00 

Eastern Time Monday through Friday. 

■ Visa, MasterCard, and American Express accepted. 

■ Maryland state residents please add 5% sales tax. 

For Immediate Delivery Call 

1 - 800 - 922-9204 

In Maryland call (301) 428-3700 
FAX (301) 428-2903 





Products Corporation 

20251 Century Boulevard, Germantown, MD 20874 


Online Products Corporation is a wholly-owned subsidiary of OnliTte Computer 
Systems, Inc. 

© Copyright 19S9, Online Computer Systems, Inc. All rights reserved. 


An IBM Certified Education Specialist [CESj and Industry Remarketer flRl. QPTT-NET is a regislered trademark and Opti-Ware is a trademark of Online Computer Systems. Inc. 
Microsoft is a registered irademark of Microsoft Corporation. IBM Personal Syslem/PS/2, OS.^2 and Token Ring are registered trademarks of the International Business Machines 
Coi^poration, 5Com is a registered trademark of 5Com Corporation. Movell is a registered imdemark of Novell, Inc. Electronic Encyclopedia is a registered trademark of Grolier 
Electronic PublUhing. Macintosh is a registered trademark of Apple Computer^ Inc. NFS is a tradeniark of Sun Micro Systmns. 
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Thalarctos maritimus 


#i in a series on coitsutner habits 

T/if polar bear is the great white 
hunter of the Arctic Circle. MigrtUing 
long distances over the vast 
frozen desert, it tracks large prey such 
as seals and sea lions. Ina sprint, 
it can reach speeds of up to 25 mph. 
When it raids the ice box, it 
doesn’t waste energy on smallfisk. 
The readers of BYTE magazine 
are just as selective. For they, too, 
are relentless hunters with big 
appetites. They are advanced person¬ 
al computing e.xperts whose 
hunger for new product Itformation 
is insoMtle. They seek technical 
analyses. Extensive reviews. 

A complete rundown of product 
comparisons. Which is 
what they get in every BYTE. Some 
pidtlications may promise 
' you more paid readers than BYTE's 


450,000. But none so voracious. 




HELP 

THE AMERICAN FOUNDATION 
FOR THE BLIND 
HELP YOU! 


The American Foundation for the Blind's National Technology Center (NTC) maintains 
a Job index/User Network which features information from over 1,100 blind and visuaiiy 
impaired people who use adaptive equipment in a variety of jobs 

The NTC is iooking for additionai participants, Biind and visually impaired individuals of 
all ages who have hands-on experience with computers, low vision aids, talking prod¬ 
ucts, or other adaptive devices are needed as resource people and/or evaluators 

As a resource person, other users may contact you to share your knowledge and 
experience. As an evaluator, you may be asked to evaluate both existing and newly 
developed or adapted devices. Evaluations are published in the "Random Access” 
section of the Journal of Visual Impairment & Blindness. 

If you ore interested, please fill out the form below or call our hotline, 1-800-232-5463 
(New York residents call 212-620-2147). Tell the operator you wish to be port of the Job 
Index/User Network. 

Your response will be followed by a brief, confidenfial felephone survey. The informa¬ 
tion you provide will be used for NTC purposes only and will include the equipment you 
use, your experience with it, training and employment 

Your assistance will enable the Job Index/User Network to continue as a major informa¬ 
tion and support system for blind and visually impaired people nationwide 


Mail to: American Foundation for the Blind, National Technology Center, 15 West 16th Street, New 
York, NY lOOll Attn: A. Hypolite 

Name ___ 

Address___ 

City_State_Zip __ 

Best time to contact_Telephone_ 
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November 13-17. 1989 
Riviera Hotel 
Las Vegas. Nevada 

Booth R 8019 


low price 


ATC 386-25 


$ 1,890 

• Intel 80386 Microprocessor 

• 25 MHZ M/Board 

• 4Mb Installed 8MB Exp. 

• 80387 socket on board 

• 1.2 High Density Drive 

• W.D. 1:1 Hard/Roppy Cont. 

• 230 Watt Power Supply 

• Vertical case 

• Serial & Parallel 

• Hl-Res TTL Monitor 

• Mono. (Here.) Card 

• 101 Enhanced Keyboard 


ATC-386SX 


$ 1,099 

• Intel 80386SX 16 MHZ 

• AMI Bios. MS/DOS. OS/Z, 
Unix compatible 

• 1024K on board expand 
able to 8MB 

• 80387SX co-processor 
socket 

• 200 watt power Supply 
1.2 or 1.44 drive 

• 1:1 Interleave Hard/Roppy 
Controller 

• Sertal/ParaNel/Ctock/ 
Calendar 

• 101 Keyboard 

• Mono (Here.) Video Card 

• HI Res TTL Monitor 


ATC 286-16 


$859 

• IBM AT-286 Compatible 
•10/16 MHZ 0 Wail State 

• Tune 16 MHz Harris CPU 

• Phoenix bios 

• 512k on Board 

• Choice of 1.2/720k Drive 

• 1:1 Hard/Roppy Controller 

• 200 Watt Power Supply 

• On board clock/calendar 
with lifetime warranty, 
rechargeable battery 

• 101 Enhance Keyboard 

• MorK>chrome card 

• HI Res TTl Monchrome 
Monitor 

• FCC Class B Approved 


ATC 286-12 


$699 

• IBM AT-286 Compatible 

• 6/12 MHZ CPU 0 Wait State 

• Phoenix Bios 

• 512k memory on Board 

• 1.2 High Density Drive 

• W.D. 1:1 Hard/Roppy 
Controller 

• 200 Watt Power Supply 

• AT 3 Oper>ir>g Case w/reset 
buttorks 

• Clock and calendar on 
board 

• 101 Enhance Keyboard 

• Mono Card 

• Parallel Printer Port 

• Hi Res TTL Monitor 

• FCC Class B Approved 


HARD DISK 

Seagate St-225 w/Cont. $259 

Seagate St-238 w/Cont. 279 

Seagate St-251 339 

Seagate St-251-1 389 

Seagate St-277R 389 

Seagate St-4096 579 

Seagate St-125 235 


ATC TURBO-10 


$459 

• IBM XT Compatible 
•4.77/10 MHZ CPU 

• Intel 8088 
•Phoenl- Bios 

• 640K onboard (1024K 
expandable) 

• 360k Floppy Drive 

• 165 Watt Power Supply 

• AT Style Case w/LED Power 
8( Turbo Light, Reset & Turbo 
button 

• Monocrome Card 

• Clock/Calendar 

• Serial/Parrallel/Game 

• HI Res TTL Monitor 

• AT Style 84k. Key Board 

• FCC Class B Approved 


Seogate St-136 $279 

Seogate St-4144R 650 

Miniscribe 3085 559 

Miniscribe 3650 305 


Micropoils w/Controiler 1350 

(150 MB) 


W/64K CACHE 
25MHZ CPU 

$2,560.00 


This Month Specials: 

PLATINUM VGA-16/ 

CASPER VGA MONITOR 

• 1024 X 768 . ^ 

• 250K on board 

• 512K expandable 
100% Software Hardware compaMjl*-* 


ff! 

COMPUTER 


UPGRADE 

• Color Monitor w/Graphic Card 

• EGA Monitor w/EGA Card 

• VGA Monitor w/VGA Card 

• Multisync Monitor w/Hi-res. Card 


• Main Office: 

15703 East Valley Blvd. 

City of Industry. CA 91744 
Fox No. (818) 961-4337 
Branch: 


$160 

$350 

$410 

$530 


Order 

HotUne 


( 818 ) 333-0193 


7150 Beverly Blvd. 

Los Artgeles. CA 90036 
<213)930-2823 
(213) 930-2826 


CSIDB? BY Q«ck and M3n0y CMer, CoNlbn^ odd 65% Solas lax 

OJDW BY OX) 4 Cashier Choclc's 

TB)MS: 

AS pileat or* lubiact Id chorxjM ar«) quonWy may D* lrT«9d and MO ih* Right to Substnut* 
EqutwoUntifm s . uraufhottodRMjina<wsuDiKttoiS%nHiocMnoFae. CaStvRtMNurtmtsnafKiini 
ondRapotts ReKjrnlgnllerrannuttbaaenlihtPCingpnpaidbycuitornar 1 year ports and labor. 


Tele* 

Fax: 
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YOlPVE BEEN SAYING OUTRAGEOUS 
THINGS ABOUT OUR 386-33MIIZ COMPUTER 


Recently, when custfimers, ix>tential 
customers and industi-y experts called 
us, they siiid something strange. They 
said, “Your PC* Link 38ti-33MHz com- 
r)uter mjrkir Tliis was haitily cause 
for celebration. But then we heard 
that the other 386 inacliines haw bugs. 
And t hat they're? very exijensive. (Ncyw 
outrageousJ And that trven com- 
fxinxi tio the Compaq Dt'skprfi 386/33, 
ourf'omputer was ilie tie.st choice 
for a 386-33MHZ* 

Get a C^py of our Report Card 
In InfoWirld's 386/33 protluct com¬ 
parison, we were rated “Excellent" 
in categories including CPU Speed 
and Hard Disk Access (sequential and 
random). “Very Go(Ki'’ described our 
sofl wre compatibility. And we shared 
the top rating for Value. Call us for a 
reprint of the InfoWirld Tt?port.card 
and judge for yourself. 

Ready to Wbrk at $5995 
PC Link features a 33MHz PC/AT 
compatible-complete with 4MB of 
RAM and a 159MBytc? hard drive with 
Uims access time and a lOMHz ESDI 
interface-for $5995, For those with 
a large byte appetite, we also offer a 
33MHz system with a 16ms 330MByte 
hard drive for $6995f 

Compatibility 

Thanks to its data bus speed of 
8.33MHz, the PC Link 386-33MHz is 
hilly compatible with IBM PC/AT 
expansion connectors. Wliich means 
our computer runs expansion cards 
for the PC/AT such as VGA cards, 
modems, network cards and the 
Bernoulli Box, Our compatibility list 
goes on to include DOS, OS/2, Wm- 


off-the-shelf sofl.ware. This computer 
takes t^erylhing you throw at it! 

Speed 

With the Intel 80386 microprocessor 
running at 33MHz, you can make 
very, very fast wt»rk of spreadsheet, 
desktop publishing and CAD/CAM 
applicat ions, (lb boost your math 
intensive ai>plicatjons, get ournptit >nal 
33MHz 387 math coimicessor orVWeitek 
Abacus chip,) Get your hands on txir 
mighty zero wait state system witli 
64K Cache RAM - and never look hacik. 

Quality 

what HITE Says) 

W^Ve assembled an all-star team of 
Made in US. A. comjionents for our 
386-33MHZ model. It features the 
acclaimed Hauppauge 386 Mother- 
Board/33MHz (with one 32-bit, six 
16-bit and one 8-bit expansion slot) 
and the Award Soltwiire Modulai-386 
ROM BIOS. BTLE Magazine wmU- “PC 
Link has done a gtx>d job balancing 
the price/performance equation. 
Nothing spectacular, |HThai>s, but a 
solid machine at. a reasonal>le price" 
- SlmifmiDwhl 
BYIE, 1989IBM Sp(^alE(Mion 

In addition to our new 386-33MHz PC, 
we t)fler the 386-16MHz and the 
386-20MHZ. All three systems have 
excellent reliability 



33Mllz Standard Features: 

* Tn(j 0 | mii?nipitK'i?Ms«>r 

‘ 4MS or TMM (‘TirKimlabk’ to HtMU uaingaiiediailjed 
hlfjJi-KrHHMl 32-liil ntpmury slo( 

' ESDI Uani Disk 

' or atiitii; liAM 

■ MK ShiKlciw (UK JS) iTK^mory 

* Ki-bit VGA Adapter 

' Riiib'tefor aiMItiHlKjS? luvl tlSMllK WEITEK 31S7 

iiuith tiijpixjeesMjns 

" B.25'^ VZ Mil orS.B" 144 MU dlstei^te drive 

* OuaJ disknl tc and himi di^k drive cnntnilfer 

* 101 key kt's^tjoiiiid 
' J iiamJk'l and 1 jKin 

■ 22U wait jHiwer supjil),' 

■ IHST>0SaSfjr41J 

16 and 20 MHz Standard Features: 

’ Ink?] BOnftEMlj micmprocessoror Ra386‘2() 

»B-lUK IKJS meiiKiry 

■ S2nK Exti^otli'd meriuiry 

* G4K ShiwUvw {BK\S} nuonijiy 

* Awoirl Soft WHIT BIOS 

* 4 way inUrit'ami ftAM 

■ e wait 

* PC’MT c:om|Hayhli^ 

■ One 8/;52-bil eX|iajiK!t>n sktl 

* FVHitft/lfibii slots 

' ThRH? 8-bi( expajifiion 

* 3 Broi;ranniialile titner^ 

* One5.25-' 1.2 MBor3.5'' 1.44 MB diskdrive 

* l)imj diskedIjf^iuii! lianJ disk ftrivTCfHiLniller 

* EnhaiK'nxl IfU kiy hoard 

* 1 iximllel and I iwrial pt>n 

* 220-watt ix.wer supply 

* Bundled wltli public doinain uiility diskcachips 
And system set’tip sf jfl.wFiTf:. 

PC LINK Ift^anty 

PC Magazine said: “The components 
are good enough to make you foiget 
about, the l-year parts-and-labor 
wanraniyf ** Still, it's here if you need it 

Call PC Link fora true 386-33MHz 
computer that actually works. Ask for 
a reprint of TnfoWnrld's 386/33 Report 
Card. Call: 1-800-221-0343, In New 
York: (212) 730-8036, For information 
on our complete product Une, request 
our brochure! 


dows/386, UNIX V DESQview 386 and 

PC Link C^rp. 29 West 38th St., New York, NY 10018, (212) 730-8036 

^Mutiihirs riot included with itystems * 'Rg^rinu^l tnm PC May 30, Ojpytli^t C190H Ziff-Davi'; Comtnuhirstiona Ct>mpany 

Tradermrks: IBM PC, XX AT, PS/KUBM^ Intel; Windows/3B6; Microsoft^ DESQview: Quartcndeck 
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Short Takes 


BYTE editors ' hands-on views of new and developing products 


Wallaby 


WordPerfect 5.1 


Vellum 


TrackMan 
Stationary Mouse 


Generic 3D Drafting 


KDS-1984TriSync 



A Macintosh-Compatible Laptop from Wallaby 


W hat do you get when you 
cross a Wallaby with a 
Macintosh? You get your old 
Mac Plus or SE without the 
ROMs (bootable by the Wal¬ 
laby), and you also get a 15- 
MHz Mac-compatible laptop 
that weighs 10 pounds. 

We were a little skeptical at 
first. But when we got our 
hands on a prerelease Wallaby 
and ran it through the BYTE 
benchmarks, we found that it 
is actually a bit faster than the 
Mac Portable and about twice 
as fast as a stock Mac SE- The 
Wallaby ran all our major 
well-behaved software (e.g., 
Mac Write II and Excel 2.2) 
without complaint. 

The system looks like an or¬ 
dinary laptop at first glance, 
but it"s actually a Mac periph¬ 
eral in function. When you get 
the system, you have to take 
your Mac to a dealer to have 
the ROM chips removed and 
then installed in the Wallaby. 
When you want to boot your 
Mac, you have to connect the 
Wallaby to it with a host con¬ 
nector cable. This gives your 
Mac access to the Wallaby’s 


15-MHz CPU, 1 to 4 mega¬ 
bytes of system RAM, floppy 
disk drive, screen, and op¬ 
tional silicon disk. 

The internal floppy disk 
drive can read and write both 
Mac-formatted SOOK-byte 
floppy disks and IBM-for¬ 
matted 720K-bytc floppy 
disks. The screen, which can 
function as a second screen for 
your Mac, is a backlit, black- 
on-white 640- by 400-pixel 
LCD. You configure and op¬ 
erate the Wallaby screen via a 
control panel on-screen. You 
can put the same document on 


both screens, a menu on one 
and a document on the other, 
or have one window spread 
over both screens. 

Besides the 1 to 4 megabytes 
of RAM, you can add up to 16 
megabytes on the silicon disk. 
Wallaby Systems claims that 
the disk operates for up to a 
month between battery re¬ 
charges. The disk appears as a 
logical hard disk drive icon on 
the Desktop, and you can also 
boot the system from the sili¬ 
con disk. 

The rechargeable battery 
that comes with the Wallaby 


THE FACTS 


Wallaby 

Base system, $2995; with 
1.44-megabyte floppy disk 
drive, $3095; with 20- 
megabyte hard disk drive 
instead of a floppy disk 
drive, $3995. 

Options: 

Mouse, $95; SCSI adapter 
cable, $95; spare battery, 
$95. 


Dimensions: 

\2% by 7y5 by 3% inches; 
weight: 9% pounds 
(including battery and 
hard disk drive). 

Wallaby Systems, Inc. 
2540 Frontier Ave. 
Boulder, CO 80301 
(303) 444-4606 
Inquiry 981. 


will stay fully charged for 
about 3 hours. A wall-mount 
transformer comes with it for 
recharging. The sealed bat¬ 
tery flips out of the screen’s 
back to serve as a stand and as 
support for the screen. 

The design takes some get¬ 
ting used to. When we first 
saw it, we couldn’t figure out 
how the screen flipped up. 
And using the battery as a sup¬ 
port seemed very awkward. 

The Wallaby’s wireless in¬ 
frared keyboard has a Mac SE 
layout and a built-in Isopoint 
pointing device. The Isopoint 
is pencil-shaped, and you roll 
it up or down, left or right, to 
move the cursor in those direc¬ 
tions, Typing was pleasant 
using the keyboard of the pre- 
production unit we evaluated, 
even with the presence of the 
Isopoint, which is really a 
mouse-replacement device. 
We obtained the best insults by 
using our thumbs to control 
the Isopoint, but index fingers 
would work as well. You can 
use an optional mouse, which 
you plug into the wireless key¬ 
board. 

The Wallaby comes with a 
host adapter/expansion port, 
an AppleTalk-compatible 
printer port, a communica¬ 
tions port, and an external 
LCD port. A SCSI adapter 
cable is available as an option. 

While a formal evaluation 
must await the final product, 
we think the Wallaby/Mac 
combination makes a power¬ 
ful duo. It provides an inter¬ 
esting upgrade path for cur¬ 
rent Mac Plus and SE owners, 
who gain the functionality of a 
portable Mac with double the 
clock speed, a second screen, 
and IBM PC read/write capa¬ 
bility, At roughly half the 
price of the Mac Portable, the 
Wallaby may be a serious 
alternative. O 

—Anne Fischer Lent and 
Laurence H. Loeh 

cominued 
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THE FACTS 

WordPerfect 5.1 

WordPerfect Corp. 

$495 

1555 North Techoology 


Way 

Requirements: 

Orem, UT 84057 

IBM PC or compatible 

(801)222-5600 

with 384K bytes of free 

Inquiry 982. 

RAM. 



Mouse-ified 
and Feature- 
Laden 

I n the past, WordPerfect was 
one of the few programs that 
resisted the Macintosh-like 
simplicity of mice and menus. 
But that's about to change* 
WordPerfect 5,1 will support 
a mouse and pull-down 
menus. And eventually—in 
version 6—the program will 
support a full graphical user 
interface* In the meantime, 
the ease^of-use features 
shouldn't get in the way of ex¬ 
perienced WordPerfect users. 

I saw a beta copy of Word¬ 
Perfect 5.1, which included a 
spreadsheet-like tables fea¬ 
ture, designed to simplify 
creating boxed tables in a 
document; an equation editor, 
for creating mathematical 
equations; ^‘hot links,” for in¬ 
cluding spreadsheet data or 
graphics in a document with¬ 
out actually copying the data 
or graphics into the document 
file; and the ability to print the 
hundreds of characters that be¬ 
come visible on-screen with 
WordPerfect 5.0. Version 5,1 
also includes such improve¬ 
ments as dictionary-based hy¬ 
phenation, better context-sen¬ 
sitive help, and improved 
merge, tabs, outlining, and 
justification. 

I don’t know how snappy 


the performance on WordPer¬ 
fect 5. 1 will be, but I suspect it 
will be similar to that of ver¬ 
sion 5.0, Also, WordPerfect 
Corp . has guaranteed that ver¬ 
sion 5.1 will still run in well 
under 640K bytes of RAM* 
While some may find fault 
with the large number of fea¬ 
tures in the new WordPerfect, 
I found that those you don't 
need don't seem to get in the 


way, and features you need are 
likely to be there. As long as 
the program will run on desk¬ 
top computers that don't have 
expanded or extended mem¬ 
ory, I agree with the com¬ 
pany's philosophy: the more 
features, the better. 

But with so many features, 
the new versions of WordPer¬ 
fect are intimidating to new 
users, and even experienced 


users may have trouble figur¬ 
ing out how to get at features 
they don't often use. That's 
why Fm glad to see the im¬ 
proved help and the pull-down 
menus. The menus will help 
get new users up to speed, and 
experienced users can turn 
them off. 

WordPerfect Corp. claims 
it currently holds 60 percent of 
the word processing market, 
and its goal is to make Word¬ 
Perfect the word processor for 
everyone. Fm not sure that's 
possible; it smacks of the hu¬ 
bris that once plagued inte¬ 
grated software, which tried 
to do everything and ended up 
doing nothing well. WordPer¬ 
fect 5.1's equation editor, for 
example, is usable, but I 
wouldn't want to write a calcu¬ 
lus textbook with it. And the 
hot links for graphics and 
spreadsheet data are fine, but 
not as flexible as a true object- 
oriented system. 

This new version of Word¬ 
Perfect has avoided the bloat¬ 
ing that has afflicted the new 
versions of Lotus 1-2-3 and 
dBASE. It still fits into an or¬ 
dinary IBM PC's memory— 
and runs on an ordinary PC's 
CPU. As long as WordPerfect 
continues to work on almost 
every PC clone ever made and 
includes almost every feature 
its users have ever asked for, I 
don't think the company will 
go too far wrong. □ 

—Frank 


Easygoing 2-D CAD on the Macintosh 


A s the name suggests. Vel¬ 
lum, which is a two-di¬ 
mensional CAD program for 
the Macintosh, is designed to 
act as a fine sheet of drawing 
paper. 

The screen is standard Mac 
(i,e., puH-down menus and 
icon palettes). When you posi¬ 
tion the cursor over an icon, 
the upper left corner of the 
screen explains what the icon 
does. To draw an entity, you 
select from the icon palette, 
position the nK)use, and click. 
A ghost shape will rubber- 
band and follow the mouse 


around the screen. Most func¬ 
tions work in this way. Point, 
click, and drag is the essential 
operation in any Vellum func¬ 
tion. A limited gesture-iecog- 
nition ability lets you zoom in 
and out of your drawing with¬ 
out going back to the menus. 

Perhaps Vellum's most 
striking feature is the Drafting 
Assistant. This drawing aid 
lets you accurately place ob¬ 
jects in lelatioii to one another* 
As the cursor moves across the 
screen, Vellum compares the 
cursor to every other object, 
looking at endpoints, mid¬ 


points, and intersections. If 
the cursor matches any of 
these points. Drafting Assis¬ 
tant locks to it, labels it, and 
shows you a temporary con¬ 
struct ioo line. Getting objects 
to line up perfectly is a snap. 

Vellum’s feature list is on a 
par with those of other main¬ 
stream CAD products. Scal¬ 
ing, rotating, layers, dimen¬ 
sioning—they're all included 
with the standard package. I 
compared Vellum side-by- 
side with Claris CAD and 
AutoCAD for the Mac to get a 
feel for the differences. 


Claris CAD felt a lot like 
MacDraw. It didn't seem as if 
I had as precise control over 
objects as I had with Vellum. 
The icons were not always in¬ 
tuitive and didn't have the self- 
explanation feature. Com¬ 
pared to Vellum, Claris CAD 
had a wimpy feeling. 

AutoCAD is perhaps more 
powerful than Vellum, but it's 
also much more complicated. I 
have used AutoCAD before on 
the IBM PC, and I've never 
liked it. Vellum gives you the 
same level of control over 
continued 
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Embedded systems designers have already used CrossCode C in over 577different applications. 


CrossCode C comes with four 
powerful tools to help you program your 
68000-based ROMable applications 

From C source to final object, each tool takes you 
one step closer to your finished ROMable design 


C rossCode C is designed specifically 
lo help you write ROMable code for 
ail members of the Motorola 68000 
family. Four powerful tools take you from 
C source to object code: 

1. COMPILER: To get truly ROMable 
code, you have to start with a truly 
ROMable compiler. Here are three 
CrossCode C features that you won't find 
in any ordinary C compiler: 

■ Compiler output code is split into five 
independent memory sections that you 
can assign into ROM or RAM as you 
please. 

• You can optimize the code for your 
application because control the sizes 
of data types. For example, you can 
optimize for speed by using two byte 
inis, or gel maximum versatility by 
using four byte ints, 

• You can easily write assembly language 
routines that call C functions and vice 
versa^ because the compiler uses simple, 
well documented parameter passing 
conventions, 

2. ASSEMBLER: CrossCode C 

comes with a Motorola-style assembler 
that has all the features that assembly 
language programmers require. In fact. 


you could write your whole application 
with it: 

•The assembler features an advanced 
macro language, conditional assembly, 
"include" files, and an unlimited size 
symbol table. 

• Detailed cross references show you 
where you've defined and referenced 
your symbols. 

• After a link, you can actually convert 
your "relocatable" assembler listings 
into "absolute" listings that contain 
absolute addresses and fully linked 
object code. 

3. LINKER: The CrossCode C linker 
is designed to handle truly huge loads. 
There are no limits on the number of 
symbols in your load or on the size of your 
output file. And you can always count on 
full 32 bit target addressability, because 
the linker operates comfortably in the 
highest ranges of the 68030""s address 
space, 

4. DOWNLOADER: CrossCode C 
comes with a downloader that puts you in 
touch with all EPROM programmers and 
emulators. It can convert your load into 
Motorola S-Records, Intel Hex, Tek Hex, 
Extended Tek Hex, and Data I/O ASCII 


Hex. You can also produce a binary image 
and convert that image into any format 
you might want. In all formats, bytes can 
be split into EPROMs for an 8, 16, or 32 
bit data bus. 

Why Wait 

Once you start using CrossCode C, you 
may Just wonder how you ever got the job 
done before! It’s available under 
MS-DOS for just $ 1595, and it mns on all 
IBM PCs and compatibles (640K memory 
and hard disk are required). Also available 
under UNIX, XENIX, and VMS. 

CALL TODAY for more information; 

1 - 800 - 448-7733 

(ask for extension 2002) 

Outside the United States, please dial 

PHONE: 1-708-971-8170 
FAX: 1-708-971-8513 

SOFTWARE DEVELOPMENT SYSTEMS. i^C. 

DEPARTMENT 22 
4248 BELLE AIRE LANE 
DOWNERS GROVE, ILLINOIS 60515 USAi 

CfCissCodeTM isntradcmari of SOFTWARE DEVELOPMENTT 
SYSTEMS, INC. MS-DOS<^ is a trademark of 

Mlox^afL UNIX^S) Si iradetn^rk of ATAiiT. XENIX(B> 

is a registered traiknwk of Micrctsori. 
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THE FACTS 


Vellum 

$995 . 

Requirements: 

Mac II or SE with 4 
megabytes of RAM, ahard 
disk drive, aod preferably 
a large color monitor. 

Ashlar, Inc. 

1290 Oakmead Pkwy., 
Suite 218 

Sunnyvale, CA 94086 
(408) 746^^3900 

Inquiry 983. 


objects while retaining its 
“Macness.” Of course, Auto¬ 
CAD gives you three-dimen- 
sional modeling. Ashlar has 
announced its three-dimen¬ 



sional add-on, which was not 
included with the beta version 
I tested. 

The base price is expected 
to be $995, which includes all 


the features Fve mentioned, 
plus associative detail views, 
NURB splines, parametrics, 
symbol libraries, and many 
others. Hard copy comes from 


the standard Mac printing de¬ 
vices or a pen plotter. Plotter 
drivers should be included in 
the shipping product. 

Unfortunately, this power 
requires a Mac II or SE/30 
with at least 4 megabytes of 
RAM, as well as the biggest 
monitor you can scare up. 
Color is definitely recom¬ 
mended. As for speed, I ran 
our beta copy on both a Mac 
Hex and a standard Mac 11, 
both with 4 megabytes. Vel¬ 
lum was fine on the Mac Ilex, 
but a bit poky on the Mac II. 
Ashlar expects to improve the 
speed by Vellum’s release 
date. 

Vellum combines big fea¬ 
tures, a small price tag, and a 
terrific interface. It’s a pack¬ 
age worth looking at if you’re 
serious about CAD, □ 

—Howard Eghwstein 



The Stationary 
Mouse 

L ogitech’s new input de¬ 
vice, the TrackMan Sta¬ 
tionary Mouse, consists of a 
rectangular pad with a thumb- 
operated trackball in the lower 
left corner and three selection 
buttons in the upper right area 
of the pad. Measuring 4 by 3 
inches, the pad supports the 
palm of your hand. You rotate 
the trackball with your thumb, 
which moves the cursor or 
pointer on the screen, and you 
click the selection buttons 
with your fingers. You don’t 
need to move your hand or the 
TrackMan to perform this 
operation. 

TrackMan is an optome¬ 
chanical device with a default 
resolution of 300 dots per inch 
(i,e., 1 inch of rotation moves 
the cursor 300 pixels). This 
resolution can be adjusted 
through software drivers to 
from 50 to 19,000 dpi. The 
mechanical part of the design 
is simply the rolling trackball. 
As it rolls, LEDs placed on 
either side of it provide the co¬ 
ordinate data for moving the 
cursor on the screen. 

I tried the TrackMan using 


Logitech’s Finesse desktop 
publishing software. 1 found 
the trackball to be easy to ma¬ 
nipulate with my thumb. In¬ 
deed, the cursor followed my 
thumb movements precisely. 
When I wanted to click on a 
menu option, I simply pressed 
down my index finger, I was 
amazed how quickly Track- 
Man felt natural and intuitive 
to use—much faster, in fact, 
than my experience when first 
learning to use a mouse . 

TrackMan may be the first 
mouse-like input device that is 
as easy to use as a conventional 
mouse. Because it does not re¬ 


quire a surface on which to roll 
the trackball (it needs only 
enough room for the pad), it is 
ideal for use with laptops or 
desktop machines in confined 
areas (e.g., with a keyboard 
that’s in a sliding drawer). An 
important feature of Track- 
Man is that you can use it on in¬ 
clined or vertical surfaces, 
since the trackball can rotate 
only as a result of the motion of 
your thumb (it will not rotate 
due to external accelerations, 
as a mouse would). 

The product includes Logi¬ 
tech’s MouseWare utilities 
and drivers for adjusting the 


THE FACTS 


TrackMan Stationary 
Mouse 

Serial version, $139; bus 
version, $149. 

Requirements: 

IBM PC, XT, AT, PS/2, 
or compatible. 

Logitech, Inc. 

6505 Kaiser Dr, 
Fremont, CA 94555 
(415) 795-8500 

Inquiry 984. 


trackball’s sensitivity and bal¬ 
listic response(i.e., how much 
the cursor moves on the screen 
as you rotate the trackball). I 
think the Macintosh is an obvi¬ 
ous target for TrackMan, but, 
unfortunately, TrackMan is 
not available for the Mac due 
to “contractual problems,” 
(Logitech is an OEM supplier 
to Apple.) 

TrackMan will probably 
not replace the mouse as the 
standard pointing device, but 
it may be the first attractive al¬ 
ternative to it, □ 

—Nick Baiun 
continued 
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VideoShow! 


Because Good Ideas Deserve 
Great Presentations 




More Than A Graphics 
Software Solution 

Your desktop computer is one 
of the best tools around for 
creating great presentation im¬ 
ages. Now VideoShow® can 
take those images into the con¬ 
ference room where you'll real¬ 
ly impress your audience with 
high-resolution presentations in 
up to 100,000 simultaneous 
colors. And it's as easy as 
pressing a button. 

Create impressive images with 
your favorite graphics presenta¬ 
tion software like Aldus® Per¬ 
suasion”, Lotus® Freelance 
Plus®, Microsoft® PowerPoint”, 
and Harvard” Graphics. Then 
leave your computer in your office while you’re in the 
conference room. Just connect VideoShow to a color 
monitor or video projector. Insert your presentation disk, 
and press the button. 

Slides and Overheads At Your Desk 

VideoShow lets you express your ideas in a variety of 
media. Simply add PhotoMetric® SlideMaker® to turn 
your VideoShow images into quality high-resolution 
slides. Or use VideoShow with PrintMaker® software and 
a color printer to produce sharp, brilliantly colored over^ 
head transparencies and hardcopy handouts. 


Powerful^ Dynamic 
Electronic Presentations 

Give your good ideas extra im¬ 
pact with exciting electronic 
presentations, VideoShow turns 
your images into superb 
boardroom-quality presenta¬ 
tions with dynamic transition ef¬ 
fects, all in brilliant full color. 
Even if you’ve created your im¬ 
ages on a monochrome system. 

VideoShow Is Versatile, 
Convenient, Affordable 

With four models to choose 
from, there’s a VideoShow 
electronic presentation system 
to fit every office, every budget, 
and every presentation need. 
VideoShow is designed for max¬ 
imum flexibility — so your presentations can be as unique 
as your ideas. 


VideoShow: 

A Great Idea 
For Your Next 
Presentation- 


Call today: 
800 - 223-0999 


VideoShow^s wireless remote control puis you in complete 
command of your presentaikm. 


Make great electronic presentations with 
VideoShow. Presentation images may be 
created with a PC/AT, or Macintosh'^. 


General Parametrics Corporation The leader in desktop presentation products 


Tridcmirk/OwTicr: Aldus, Pcrsuasmn. Aldus Cprpomijon: Apple Comput^fK Inc.; FS,^2/JnfemiEioeiil Business Machtties; PholdMelrk, PrirtMakef. SltdeMa.i(fir, VidecuShcrw/neuerBl PBramqiiicH 

CurpofAtion; Freelance Plus. LotK^^jOEUS EievelopnienE CoirpcmtiDEi; Microsofi, FtiwerPmivi^cEiosofi Cwpwation; HiarviHVSnftwMC Piiblishmg CarporaiioiL 
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GET SUPERSOFT's 

Service Diagnostics 


All the software, alignment diskettes, parallel/serial wrap-around 
plugs. ROM POSTs and extensive, professional documentation to 
provide the most comprehensive testing available for IBM PCs, 
XTs.AT s and ait compatibles under DOS or Stand Alone. No other 
diagnostics offers such in-depth testing on as many different types of 
equipment by isolating problems to the board and chip level 

NEW: SuperSoft's ROM POST performs the most advanced 
Powe r-o n -Self-Te st avai lable to r syste m boards t hat are com pati bl e 
with the IBM ROM BIOS, tt works even in circumstances when the 
Service Diagnostics diskette cannot be loaded. 

NEW: 386 dragnosticsfor hybrids and PS/2s\ 

For over nine years, major manufacturers have been relying on 
SuperSoft’s diagnostics software to help them and their customers 
repair microcomputers. End users have been relying on SuperSoft’s 
Diagnostics 11 for the most thorough hardware error isolation 
available. Now versions of Service Diagnostics are available to save 
everyone (including every serious repair technician) time, money, 
and headaches in fixing their computers, even non-IBM equipment. 

Ail CPUs Bl Mumeric Co-processors AH Color Graphics & Monochrome 

System Expansion & Extended Memory Monitors 

Floppy, Fixed S No n -standard Disk Drives Paralle I & Se rial Ports 
Standard & Non-standard Printers Mono. CGA, Hercules S EGA 

System Board: DMA, Timers, interrupt. Adapters 

Real-time Clock & CMOS config. RAM All Keyboards a the 8042 Controller 

NEW: Manufacturer’s burn-in diagnostics now 
available for IBM and compatible PC, XT, AT, 
386, 486 and PS 2 systems. 


Senrice Diagnostics tor PC, PC/XT. and compatibles only.$169 

Alignment Diskette for PC. PC/XT and compatibles (43 tpl drives).£ 50 

Wrep-around Plug for PC. PC/XT and compatibles (parallel and serial). $ 30 

Service Diagnostics for AT and compatibles only... .$169 

Alignment Diskette far AT and compaUbles (96 tpl drives).$ 50 

Wrep-ansvnd Plug tor AT (serial). $15 

ROM POST for PC, PC/XT and compatibles only. ..$246 

ROM POST tor AT and compaiibles only .$245 

Service Diagnostics: The KIT (Includes all of the above—save $502). $496 
Service Diagnostics for 366 or V2, V30, or Hariia. etc. (pleesa specify) $19S 
Diagnostics II la the solution to the service problems of users of all 
CP/M-eO, CP/M^e artd MS-DOS compulere $125 

ROM POST for PS/2 and compatibles onty.S245 

Alignment Diskette for PS/2 and oampatibtes (a5 inch). . . . $ 50 


To order, call 800-678-3600 or 408-745-0234 
FAX 406-745-0231, or write SuperSoft. 








SupeiStsft 

FiasrittSOFTmiiE TECHf^OLOGfPD. Bok 61132a San Josa, CA 36161-1323 (403) 7X6-0234 Iblex 270366 


SUPEHSOFT s 3 register 0 d traderTLark cl SuiserSoh. tnc.; CDC ot Control Oaia Corp- ; IBM PC. AT A XT ol 
iRternalional Buans^ Madimes Corp.; MS-DOS of Microsoft Corp . NEC Of NEC InPomiaton Syslenra. M:., 
PRIME of PRIME INC,: Sony ol Sony Corp. 


Simple but Elegant 3-D CAD 



W hen BYTE's Product 
Focus looked at IhreC’ 
dimensional modelers in May 
{*The Third Dimension"), we 
omitted Generic Software's 
3D Solids; it was simply Con¬ 
trol Automation's ModelMate 
Plus under another name. 
Now there’s a new three-di¬ 
mensional modeler from Ge¬ 
neric Software, Generic 3D 
Drafting, which builds on the 
strengths of the company’s 
two-dimensional CADD 
products and solves the tricky 
problem of three-dimensional 
navigation in an elegant way. 

Those using Generic 
CADD whose fingers auto¬ 
matically perform two-letter 
commands like ZB (zoom 
back) and DS (drawing save) 
will feel right at home in Ge¬ 
neric 3D Drafting. If you're 
new to Generic CADD, that's 
OK, too. Menus provide a 


TMrT-ACTB 


Generic 3D Drafting 
$250 

Requirements: 

IBM PC AT or 
compatible with 640K 
bytes of RAM, EGA or 
VGA, and a mouse. 

Generic Softwaie, Inc. 
11911 North Creek 
Pkwy. S 

Bothell, WA 98011 
(206) 487-2233 
Inquiry 985, 


comfortable introduction; as 
you pick up speed, youTl find 
yourself bypassing them and 
reaching for the commands. 

I skipped the tutorial and 
jumped right into a drawing of 
the BYTE pantheon. The 
whole proces s—f rom i n sta 1 la- 
tion to the finished model— 
took about 5 hours. 

Once I got my model off the 
ground, things went nicely. At 
first, I worked exclusively in 
the jc,y and jc,z planes, using a 
depth point to control the 
placement of objects. 

Then I discovered tracking, 
and life got a whole lot easier* 
Just like VersaCAD Design 
and CADVance, Generic 3D 
Drafting works best in the iso¬ 
metric view (see the photo)* 
Tracking works like this: To 
draw the slab that sits on top of 
the columns, I started with the 
BO (box) command and an¬ 
swered its query for a first 
point with TK (track). The 
tracking mechanism asks for 
an anchor; I snapped to the left 
front corner of the top step. 

Then, using a three-dimen¬ 
sional cursor active in all three 
planes, I moved up 13 feet to 
the height of the top of the col- 
umns, set the slab’s first 
point, moved right 34 feet to 
set its width, moved back 20 
feet to mark its depth, and fi¬ 
nally moved up 3 feet to mark 
Its height. A running display 
of coordinates and a three-di¬ 
mensional cursor trail make 
the tracking mechanism one of 
cominued 
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Reach for ultimate portability 




200 MBytes of power, speed and security 
in a revolutionary, removable hard drive. 


A t last, tlie Disk Pack gives 
you everything you’ve al¬ 
ways wished for in a data 
storage system. The speed and higli 
storage capacity of a hard drive. The 
ease and convenience of a floppy disk¬ 
ette. And the safety of a tape backup. 
All wrapped up in a state-of-the-art 
rugged unit, about the size of a paper¬ 
back book. Designed to make your life 
a lot simpler and more secure. 



True portability is here 

Just picture this: With the Disk Pack 
you carry your whole work environ¬ 
ment with you, wherever you go. All 
your files, all your data stay orga¬ 
nized and configured just the way you 
created them. Between 
your office and remote 
sites. Or home. Or an¬ 
other department. You 
can even mail a Disk 
Pack. It’s that 
rugged. 


Tbs Disk Tack frees 
you from tte constrainis 
of fixed wmpuisrs. Your whde. 
work ensironmentfits in tbs patm of your band 


Total security for your data 

Simply slide out a Disk Pack module 
and lock away your entire business 
customer base and payroll figures in 
a drawer or safe Same for lawyer, 


banker or accountant sensitive data 
and Uncle Sam confidential informa¬ 
tion. AH fully secured in a snap. 


HIM PC 

■ PS/2 - 

T 

MAC 

■ ■ 1 ■ 1 

DISK 

PACK 

DISK 

PACK 

DISK 

PACK 

! DISK 
PACK 

DISK 

PACK 


Get fuU data portabitify and security oi? 
tbe computer of your choice. Macintosh. 
PC-Compatibie or FS/1 


Bla2ing speed 
Rock-solid reliability 
Limitless expansion 

Breakthrough technology makes the 
Disk Pack four to five times more 
reliable than other removable prod¬ 
ucts. Access times as low as 13 ms 
make it one of the fastest hard drives 
on the market. The Disk Pack doesn’t 
limit you to a sir^e storage capacity 
either. You can interchange 20-, 40-, 
80- or 120-MByte modules in your 


For more information call 

1 - 800 - 322-4744 



The new starukiTdin data storage tecbnologf 

mEomvE 


s r s r £ w s 
1900 Aitnuc of rk StarsH Suite 2S70 
ios Angcia, CA 30067 556^166^ 

Dili if a imdmufk ef lEF 


system and between systems. Link 
modules up for a whopping Half- 
GByte + of on-line data. Store them 
for unlimited off-line data. And do 
lightning-fast data backups. 


That’s not all. The Disk Pack turns a 
shared computer into your fully per¬ 
sonal machine within seconds, it's 
ideal for space grabbing applications 
such as color graphics, CWf, or 
music. One Disk Pack module does 
the job of 
100 diskettes. 

Ten times 
faster. And with 
a lot less hassle. 



And thanks to 
the Disk Pack’s 

. 1 . The Disk hick is ides! for 

unique arem- security. Lock 1 / dwwy 

teCt U re, you ^ 11 andprget about accidental or 
use it equally mletUional data ton 

well on any Mac, Apple, PC-compati¬ 
ble or PS/2 computer. It’s that advanced. 
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Disk Pack and yourfmg ttnakist "30 Vatuabie Fdets About 
ftard Disk Care and Mainlemince '' today. 
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Drive Symeim, Inc, 

IMO Avditie tk Satv Suitt 
Los Angrlci, CA S 40&7 
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MODULA-2 


M2VMS™ Release 4.1-2 

The Reliahie Too/ for Software Prohs^ionats 


fhe Modula-2 development system for VAX" by 
TERRA Datentechnik offers fuil Rexibitify within 
the VMS'" eiivjVorrmenf. 

4, b2 f$ based on ^^Je welfknown 
Moduia-2 compiler by LOGriECH that has re¬ 
cently been aquired by TERRA Datentechnik. 


TERRA Datentechnik Bohnhohtrasse 33 

8703 Ertenbach Sy/itzerhnd 

Tei ++4 l/i/910 35 55 Fax ++4 \/i/9iQ \ <? 92 


Please ask for detailed 
information. 

TERRA Datentechnik also offers 
a large choice of Modulo-2 pro¬ 
ducts for PCs. 


Highlight 

supports the VMS""-Debugger 
supports 15E“ 

interfaces the operating system 
fully compatible with other languages 
Aioite Utility 

library as object and scarce 
code 

maintenance contract available 



- 


$49.95 by GENKI 

IMAGINATION POWERED BY 386 


* Blistering Arcade Action. 

* 3 challenging SPY adventures. 

* Superior HI RES EGA Graphics. 

* Loaded with Animated ICONs. 


Call 301-997-6333 
7 fSays a weak 


P.O.eSfftSSS. CatumbM. 

UD fT.C}l9. MSyJbnd add SV, Tax. RatjiAwTmas: Jl96 PCfAl contpaSibte. 

DOS 3.1 V hqiffBf, tM mern. 


SHORT TAKES 


ihe best three-dimensional 
navigational aids IVe seen. 

Generic 3D Drafting isn’t 
perfect. It lacks conveniences 
like named views, named 
layers, multiple viewports, 
and a directory of drawings. It 
also lacks the horsepower of 
the best three-dimensional 
programs. Coons patches 
aren’t supported, so I left the 
pendentives (arches) as an ar¬ 
mature of arcs and Bezier 
curves. (You can, however, 
edit Bezier curves inter¬ 


actively.) Memory space is 
tight, so I had to reduce the 
number of facets in the model 
in order to get everything 
done. Also, hidden-line re¬ 
moval is slow—it took 90 min¬ 
utes to render the pantheon on 
an ALR 386/33. Neverthe¬ 
less, for $250 you get a sub¬ 
stantial CAD program, which 
is a real deal. Generic 3D 
Drafting is off to a good start, 
and I expect that it will get 
even better. □ 

-Jon Udeli 


Large-Screen Eye Relief 


S ampo hasn’t cut any cor¬ 
ners in quality with its 19- 
inch KDS-1984 TriSync color 
monitor. Instead of going the 
route of competitors whose 
raultisynchronous monitors 
cover the gamut of handling 
everything from low-end 
monochrome TTL to high-end 
analog, the TriSync is an ana- 
log-only monitor that handles 
the three most-popular high- 
resolution standards: VGA, 
8514/A, and Macintosh. 

The TriSync is big, weigh¬ 
ing 55 pounds. Since the unit I 
tested was a prerelease ver¬ 
sion, I got a bit frantic when I 
didn’t find an instruction 
manual. (It hadn’t been writ¬ 
ten yet.) But not to worry; If 
you can avoid a hernia while 
lifting it onto the desk, setting 
up the TriSync couldn’t be 
simpler. 

There are no DIP switches 
to set. I plugged the TriSync 


THE FACTS 


KDS-1984 TriSync 

$1995 

Requirements: 

Analog graphics card for 
IBM PC (VGA or 8514/A) 
or Mac. 

Sampo Corp. of America 
5550 Peachtree Industrial 
Blvd. 

Norcross, GA 30071 
(404) 449-6220 

Inquiry 986* 


into my VGA card, turned it 
on, turned on my system, and 
voila: an impressively large 
and perfect picture. The Tri¬ 
Sync automatically sets itself. 

It’s not hard to get used to a 
large-screen monitor. I could 
easily lean back with my feet 
on the desk and the keyboard 
in my lap, while having no 
trouble at all seeing the char¬ 
acters on the screen. 

The TriSync is particularly 
effective for GUIs (graphical 
user interfaces) like Microsoft 
Windows or OS/2 Presenta¬ 
tion Manager. The windows 
and pull-down menus jump 
out at you. And with a maxi¬ 
mum resolution of 1024 by 768 
pixels (interlaced), the Tri¬ 
Sync easily handles IBM’s 
high-end 8514/A graphics 
card. Used in this configura¬ 
tion, it really shines for CAD 
applications. 

Color quality is excellent. 
And with a 0.31 -mm dot pilch, 
sharpness is excellent, even 
under close scrutiny. The Tri¬ 
Sync does pull 85 watts of 
power and generates quite a bit 
of heat, but that’s to be ex¬ 
pected with a monitor of this 
size. The engineering prob¬ 
lems involved with designing 
and manufacturing a large- 
screen high-resolution moni¬ 
tor aren’t trivial, and Sampo 
has obviously put a great deal 
of work into making a top- 
quality product at a more- 
than-fair price. As far as I’m 
concerned, the eyes have it* ■ 
—Stan Miastkowski 
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Here’s all you need to know about 

laser printers. 



It’s really quite simple. Just look for this symbol on printers that include PostScript *software 
from Adobe Systems: it’s your guarantee of quality and compatibility. And call 1-800-952-6300 
(Dept. 112) for a complete listing of PostScript laser printers, typesetters and other computer 
equipment. Then you'll really know It all. 


PostScript and the PostScript logo are registered trademarks of Adobe Systems Incorporated in the U.SA. ©19BS Adobe Systems Incorporated. All rights reserved. 




Emineered for the office. Designed for p eople. 


After you ooh-ed and aah-ed over 
tile letter quality output, 3-way paper feed, 
ease-of-use,2-year limited warranty 
and 9 pin price on our KX-PI124 printer, 
somebody said “Great. 

Nowdo itwith awidie-carriage’.’ 



rPanasonic 


MuFtl-htode Printer 



titrodum^ the 
PamisonKKK-P1624. 
Oiiriieumt24pm 
wukcarmge 
printer. 

It’s fiist. Flexible. And fully- 
featured. Everything most offices are 
looking for in a dot matrix printer. 

At a price within most office budgets. 


The features you’ll use most often 
are available at a touch. Seven resident 
fonts to vary the look of your 
documents. Formatting for different 
document sizes. 


Craft Pica 
QrEft EHtt 
Cciirier Pica 
Frwai: ilje £l its 
Qolft PrDpor liotial 
Space 

Sans Ser if Pica 
ScAipf: P-lca. 




20 features, including 4 
macros, right at your fingertips. 
What could be simpler? 


Pl-B 



Even macros that recall all the 
settings for a particular document 
^ . at the touch of a 
—- single key. 


Thte letter 
quality, hi^-resolu¬ 
tion ^phics, and 
seven resident fonts, 
so it’s ideal for all 
your office applica¬ 
tions. You’ll find the l624's letter- 
quality mode as fest, or faster, than 
most popular 9 pins. Up to 63 LQ 
characters per second. Vith its 3^ x 
360 dpi bit-mapped g^hics you can 
incor^rate special printed effects 
into your documents. Like company 
logos and line art. 










































Done 






Multiple paper paths mean you bottom or rear. Aspecial 
can put this printer exactly where ' Paper Park’ feature even , _ _ 

you want it. There aren’t many places lets you feed single 
in an office to ronveniently put a printer, sheets from the top, / 


So the 
l624gvesTOu 
achoiraor4 
different paper 
paths; single 
sheets from 
the top, and 
fanfold from 
the front, 




without removing 
rear-fed fanfold. 

A 2-year 
limited warranty 
in this day and 2 ^? That’s inwst- 
ment protection, Panasonic-style. 
You’ll find 2-year warranties rather 
rare in the printer industry. But 
standard with the Panasonic 1624. 


See ^ur dealer for details. 

I So if you’ve been waiting for the 
ideal multi-purpose office printer, 
it has arrived. For the name of your 
nearest Panasonic printer dealer, 
call toll-lree 1*800-742-8086. 


Printers, Conifers, Peripherals, Copiers, 
Tjpetmters and facsimiles 

^nasonic. 

Office Automation|^^v^^ 


Only one paper path is available 
at any given ume for continuous paper 
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REPORT. 

Whether youVe a software developer writing new applications for 
the IBM or Mac, or a PC user securing proprietary data files, 
software and data protection has never had a brighter silver 
lining* For a number of very good reasons. 


* Runs under DOS, OS/2 
and Xenix * Algorithm 
fechnique (Neuer a hxed 
response) - External 
parallel port installation 

* Minimal implementation 
effort • Higher lei?el lan¬ 
guage interfaces included 
*100 times faster than fixed- 
response devices fl ms) 

* ASIC design for reliabilifg 


SentinelPro 



Beginning with the 'whether-experF Rainbow Tbchnologies. 

And ending with its Software Sentinel family of hardware keys. 
Starring five models that fit virtually any software program or 
data file you need to protect. 

There's the best-selling SentinelPro for the IBM PC/XT/AX PS/2 
and compatibles, and even the Atari ST. Known worldwide for its 
virtually unbreakable security. And its ASIC technology. And its 
invisible operation. A close relation, the Sentinel-C stands at-the' 
ready for custom configurations and multiple software packages. 

In the Apple market, security-minded Mac software developers 
turn to Eve. For completely transparent operation and world- 
class security of the protected software. Just by plugging Eve into 
the Mac ADB connector. 

PC users wanting a low cost, user-friendly solution to the prob¬ 
lem of securing sensitive data can call on the DataSentry. Using 
a proprietary Rainbow algorithm or DES, the DataSentry 
encrypts data files on individual PCs, protects modem transmis¬ 
sions and secures data on local area networks. 

Rainbow's latest protection strategy is the SentinelShell -that 
lets users place a 'shell' around existing, off-the-shelf programs. 
Because access can be limited to those issued a key, libraries, 
universities and corporations can very simply guard their 
software investments. 

Whatever your whether, Rainbow Technologies has the software 
and data protection products that make the difference. For more 
information, call 714-261-0228 in the U.S., or contact Rainbow 
Technologies Ltd. in the United Kingdom for the distributor 
nearest you, Whethercasters are standing by. 


* Protects multiple packages 
with one device -126 bgtes 
of non-volatile memarg pro¬ 
grammed before shipment 
of the software • Rainbow 
supplies a unique adapter 
for programming the unit 

* Higher leaei language 
interfaces included • Runs 
under DOS, OSf2 and Xenix 

* External parallel port 
mstuilation 


* fbr the Macintosh SE and 
II • Complies with Apple 
Desktop Bus Interface 
requirements * Rainbow- 
assigned developer pass¬ 
word to prevent tampering 
bg other developers or 
sophisticated '*hacKers'’ * 7 
locks per keg, usable indi- 
viduallg or in combinatimt 
on one or up to seven appli¬ 
cations 



* Completelg user-ijistatlabk 

* Pockef-sixed external 
device ~ Menu-driven^ user- 
friendlg interface • Single- or 
multi-user securitg sjfstem 

* Audit trail, log-^on identi¬ 
fiers and automatic encrgp- 
tloni decrypt ton of entire 
directories - Secures data 
transmitted bg modems 

* Prevents recmerg of data 
bg utiiifg programs 


- Runs under DOS on IBM 
PCs and compatibles 

• Protects without requiring 
access to the source code 

• Completelg transparent to 
the end user * tlser-friendlg 
software - Pocket-size keg 
attaches quickly to any 
standard PC parallel port 

• ASIC design for feliabilitg 


PataSentry^’* 



% 


RAINBOW TECHNOLOGIES 


18011-A Mitchell South, Irvine, CA 92714 • (714)261-0228 • TELEX: 386078 • FAX: (714) 261-0260 
Rainbow TecbnoJogite. LicL^ Shirley Lodge, 470 London Rd-, Slough, Rerkshire^ SL3 8QY, U.(L..TeI: 0753-41512, Fas:: 0753-43610 

^ I9B9 Rainbow TE!f:hiiologte$- AH pnuduct names an; tmderaarks of their Ttspcctive majinfacturcrs, 
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COVER STORY 


FIRST IMPRESSIONS 


New laptops from Compaq, GRID, Toshiba, and Zenith 
point to the future of small computing 

Laptops Forever 


E ISA, GUIs, the 

80486, and the 68040 are 
interesting because they are the 
future. But laptops are the most 
exciting advancements in micro¬ 
computer technology that you can 
buy today. A look at systems that 
BYTE has already covered this 
year—the NEC UltraLite, Zenith 
MinisPort, Agilis System, Poqet 
PC, Atari Portfolio, and Macintosh 
Portable—proves the point. 

♦ 

Laptops are getting smaller, 
running longer on batteries, 
challenging the performance of 
desktop units, and just plain getting 



better in terms of functionality . 
Some are going where no computer 
has gone before—hostile factory 
and remote locations, on the road 
with truck drivers, and in numerous 
other work environments where, 
until now, a personal computer has 
been too unwieldy. 

♦ 

This month, we take an early 
look at five more small personal 
computers: GRiD’s fascinating 
GRiDPad, Compaq’s notebook-size 
LTE/286, Toshiba’s TIOOOSE (a 
refined TIOOO), and two powerful 
80386SX systems from Zenith and 
Toshiba. 
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COVER STORY 
LAPTOPS FOREVER 


True Notebook Computing Arrives 

Frank Hayes 



S lapped on everything from toner 
cartridges to shrink-wrap war¬ 
ranties, the word revolutionary is 
a commonplace label in the com¬ 
puter world. So maybe we need a new 
word to describe the GRiDPad* 
GRiD’s new portable is the 
first "notebook computer” 
that you can really use like a 
notebook. It’s small and light 
enough to cradle in one arm while you 
write with the other hand. And, as with a 
notebook, you can actually write on it— 
not just type. To make this possible, the 
GRiDPad is equipped with a touch¬ 
screen, a metal stylus, and optional soft¬ 
ware routines for recognizing handwrit¬ 
ten letters and numerals and translating 
them into ASCII text . 

In case you’re not quite ready for a 
full-scale revolution, you can use this 
system as a fully functional MS-DOS- 
based laptop. The GRiDPad, with a list 
price of $2370, should be shipping by the 
time you read this. 

What It Is 

Physically, the GRiDPad is a lightweight 
portable PC-compatible computer. It’s 
slightly larger than the Tandy Model 100 
(12 Vi by 9^4 by IVi inches) and weighs 
41^ pounds (see photo 1). 

The GRiDPad’s 8- by 5-inch non- 
backlit LCD screen takes up most of its 
top surface. The screen has a resolution 
of 640 by 400 pixels and normally works 
in double-scan CGA resolution. Five 
user-programmable buttons are on the 
GRiDPad’s top surface. A 9-pin serial 
port is on one side of the pad, and 
GRID’S standard 2400-bps Hayes-com¬ 
patible modem with MNP data compres¬ 
sion ($695) mounts inside. 

The GRiDPad’s 10-MHz 80C86-a 
fully static CMOS version of the brains 
behind many laptops—operates at about 
twice the speed of a PC or XT. (Actual 
performance figures aren’t yet available. 
We were unable to load the BYTE bench¬ 
marks because the prerelease unit that 
we saw did not have an externa! disk 
drive.) Standard RAM is 1 megabyte— 
640K bytes for DOS, plus 384K bytes of 
EMS memory. MS-DOS 3.3 is in ROM 
as drive C; drives A and B are RAM or 
ROM cards similar to those used with the 
NEC Ultralite. RAM cards are current¬ 
ly available in two sizes: 256K bytes 


Photo 1: The revolutionary GRiDPad. 


($335) and 512K bytes ($425). 

Power comes from an external AC 
power supply or a removable battery 
pack. The battery pack is unusual be¬ 
cause it can take either a bank of nickel- 
cadmium batteries, which automatically 
recharge when plugged into the power 
supply, or 10 A A cells. GRiD doesn’t 
recommend trying to run the GRiDPad 
regularly on A A cells (that could get ex¬ 
pensive very quickly), but it’s a nice fea¬ 
ture to have in case of an emergency. 

An internal bridge battery keeps the 
computer alive for about 5 minutes while 
you change the batteries. GRiD says the 
nickel-cadmium batteries will last 8 
hours or more between charge s, depend¬ 
ing on how they’re used. 

Like most of the recent clutch of porta¬ 
bles, the GRiDPad achieves long battery 
life through a sophisticated power man¬ 
agement system. A switch on the front of 
the machine sends the GRLDPad into 
“sleep” mode, which stops the CPU and 
cuts the power to most subsystems except 
memory. You can also set the GRiDPad 
to go into sleep mode automatically after 
a certain period of idleness. 

An optional expansion unit ($1000) 
adds 3 pounds to the GRiDPad’s weight; 
it includes a 20-megabyte, 29-niillisec- 
ond hard disk drive, a parallel printer 
port, its own removable battery, and a 
port for an external 3V^- or 5 *4-inch 
floppy disk drive or tape backup drive. 
The expansion unit, which is the same 


size as the main system, clips onto the 
back, so the combined unit retains its 
notebook-size dimensions. GRID will 
only sell the GRiDPad with at least one 
storage device: a RAM card or the ex¬ 
pansion unit with its hard disk 
drive. As a result, although 
the GRiDPad’s list price is 
$2370, it will cost you at least 
$2705 to own one. 

What’s missing? A keyboard. 
There is a port for a conventional key¬ 
board, but the GRiDPad is primarily de¬ 
signed for use with a stylus that plugs 
into the side of the machine via a tether. 

Pen and Display 

A full system, including the expansion 
unit, weighs in at a little more than 7 
pounds. Add a keyboard (say, 4 pounds 
more), and it’s a respectable convention¬ 
al laptop computer, although it would be 
tough to balance on your lap. The display 
can be configured as a double-scan CGA 
screen, and it’s sharp and easily read¬ 
able. GRiD even offers a "standle”—a 
combination stand/handle for setting the 
screen upright on a desk. 

But the “Pad” in GRiDPad stands for 
“pen and display,” and that’s how it’s 
really designed to be used: as a light¬ 
weight electronic pad. For example, you 
can boot the GRiDPad with no keyboard 
attached and a split-screen display: The 
top half is a flattened 640- by 200-pixel 
CGA screen, while the bottom half is a 
diagram of a keyboard. Touch an on¬ 
screen key with the stylus, and the char¬ 
acter appears on the command line as if 
you’d typed it. It’s no replacement for 
touch-typing, but it’s perfectly adequate 
for simple commands. 

However, the GRiDPad goes this vir¬ 
tual keyboard one better: Programs writ¬ 
ten specifically for the GRiDPad can 
also do limited handwriting recognition. 
With the right software, you don’t have 
to type at all—just print in block letters, 
and the system converts what you’ve 
written into ASCII text. 

It’s important not to overestimate the 
GRiDPad’s abilities in this area. GRiD 
warns that it generally takes a user about 
15 minutes to learn to print so that the 
GRiDPad can understand it. But the day 
that GRiD representatives showed the 
computer to us at BYTE, I printed words 
and numbers immediately with no diffi- 
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LAPTOPS FOREVER 


cully. In a few cases, I had to print a word 
or number several times before the com¬ 
puter translated it properly. But that was 
not much of a problem; when the GRiD- 
Pad got it wrong, I just drew a line 
through it; the software cleared the word 
or number, and I tried again. 

It^'s eerie to watch block printing turn 
into typed text one word at a time. And 
it’s amazing to realize that anyone who 
can fill out a form can use the GRiD- 
Pad—all you have to do is print clearly. 
It’s also a little disconcerting to write on 
the textured glass surface of the GRiD- 
Pad’s screen, which uses a capacitance- 
based system to get a resolution of 1024 
by 1024 pixels. GRiD says the surface 
can’t be scratched by the stylus, although 
the screen itself can break. 

Along with the optional handwriting- 
recognition routines in ROM ($70 per 
machine for a run-time license, plus 
$125 per machine for a user interface 
run-lime license), there’s a complete set 
of other routines plus an application pro¬ 
grammer interface that allows program¬ 
mers to write software to take advantage 
of other GRiDPad features. For exam¬ 
ple, this computer has no “right-side 
up”; a programmer can design a GRiD- 
Pad program to rotate itself from land¬ 
scape to portrait orientation, or flip itself 
around so the stylus is more convenient 
for left-handed users. The stylus can be 
made to imitate most mouse actions (you 
can “click” by tapping on the screen with 
the stylus, or “drag” by drawing on the 
screen), but there’s no need for a mouse 
pointer on the screen—the stylus is its 
own pointer. The GRiDPad API also has 
extensive telecommunication capabilities 
built in, along with features to simplify 
designing on-screen forms. (GRiD is of¬ 
fering a developer’s kit for programming 
with the API in Microsoft C and Bor¬ 
land’s Turbo C.) 

Better Ideas = Better Computers 

The GRiDPad demonstrates something 
that we thought computer makers had 
forgotten; More powerful computers 
don’t necessarily come from faster CPUs 
or more memory, but from better ideas. 
We’ve seen a whole string of self-styled 
portable computers over the last few 
months, ranging from Atari’s inexpen¬ 
sive Portfolio to Apple’s hefty, bulky 
Macintosh Portable. 

The GRiDPad isn’t the fastest or most 
memory-laden machine in this wave. 
And with a base price of $2375, it is cer¬ 
tainly not the least expensive. But it may 
be the first truly portable computer 
we’ve seen, and it’s certainly the easiest 
to use. It has Macintosh-style friendli¬ 


ness both on the screen and in its physical 
design. 

In the future, GRiD might offer util¬ 
ities that would allow off-the-shelf soft¬ 
ware to take advantage of the GRiDPad’s 
special features. For example, special 
drivers could let you input handwritten 
text into Lotus 1-2-3 or use the stylus in 
place of a mouse. But for now, those spe¬ 
cial features arc limited to use with soft¬ 
ware that’s specially designed for the 
GRiDPad. 

With this custom software, the GRiD¬ 
Pad is a unique computer. Because it’s so 
lightweight, it’s easy—even natural—to 
use while you’re standing or walking 
around; you just cradle the computer in 
one arm and write with the other hand. 
And the stylus and handwriting-recogni¬ 
tion software do away with the need for a 
keyboard, which poses the biggest barri¬ 
er to most users. It’s worth repeating: 
Anyone who can print clearly enough to 
fill out a form can use this computer. 

And that’s precisely the initial market 
that GRiD is counting on for the GRiD¬ 
Pad—the largely unautomated world of 
forms. The GRiDPad can easily mimic 
anything that a real paper form can do 
(since the stylus acts and feels like a real 
pen) while adding the power of a com¬ 
puter. On a sales form, for example, it 
could let you choose products from a 
menu while verifying prices, double- 
checking arithmetic, comparing quanti¬ 
ties to previous orders, ensuring that all 
necessary parts are included in your 
order, and letting you sign the order 
form, all about as easily as you’d do it 
using an ordinary clipboard. That’s a 
good way to use the GRiDPad, but it’s far 
from the only way: Using it Just for forms 
makes about as much sense as using the 
Macintosh only to run MacPaint. 

In a year of innovative portable com¬ 
puters, the GRiDPad is easily the most 
innovative of the group. It’s perhaps the 
most revolutionary computer of any kind 
since the Macintosh. And just as the Mac 
required a whole generation of program¬ 
mers to consider how a mouse changes 
the way that software works, the GRiD¬ 
Pad is going to spur some even more fun¬ 
damental rethinking. 

For nearly 20 years, computer design¬ 
ers have tried to match the dream of Alan 
Kay’s “Dynabook”—a portable, power¬ 
ful, user-friendly computer. Although 
the GRiDPad isn’t it, it brings the millen- 
ium a lot closer. □ 


FT€mk Hayes is BYTE's West Coast news 
editor. He can he reached on BIX as 
yrankhayes. ” 

continued 
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Compaq and Toshiba Take the Low Road 

Michael E, Nadeau 


T he “Holy Grail" being sought 
by laptop vendors and users 
alike is a system that's as small 
and light as possible, yet sacri¬ 
fices nothing in terms of performance, 
functionality, or compatibility* So far, 
this search has yielded products that 
compromise on one or more of 
these attributes, 

Compaq and Toshiba 
have new laptops that repre¬ 
sent milestones in this quest, 
although in different senses. 
Compaq has squeezed all the power 
of a l2-MHz 80286 desktop system into a 
notebook-size box, complete with hard 
and floppy disk drives. And Toshiba*s 
TIOOOSE is an improved version of its 
classic TIOOO, which is itself a milestone 
product. 

Both computers are aimed at profes¬ 
sionals who need to compute on the go: 
salespeople, executives, field personnel, 
and journalists, for example . What sepa¬ 
rate the two are price and power. 

Design Philosophies 

I can't decide whether Compaq has taken 
a radical or a conservative approach in 
designing its small laptop computer, the 
LTE. Rather than use the new RAM card 
technology that's currently in vogue for 
mass storage on laptops, the company 
maximized the conventional method by 
minimizing the physical size of the flop¬ 
py and hard disk drives. Compaq then 
shrank the circuit boards, making the 
most of surface mount technology 
(SMT). The end result is a 6.7-pound (in¬ 
cluding hard disk drive) AT-class PC that 
measures 8 by 11 by just under 2 inches 
(see photo 2). 

RAM cards, though expensive and not 
standardized, have been touted as a 
breakthrough for small computers, al¬ 
lowing engineers to shrink the laptop 
ever further. Yet Compaq bucked the 
trend, and the result is one of the smallest 
and arguably most powerful mini laptops 
available (see the benchmark results in 
table 1)* Best of all, the LTE doesn't 
seem small. Compaq hasn't sacrificed 
functionality for size. 

The Toshiba T1(XX)SE appears to be 
more conventional than the LTE* Its di¬ 
mensions, 12% by 10% by 1% inches, 
come closer to a “standard" laptop size. 
It's lighter than the LTE: S^o pounds 



Photo 2: The Compaq LTE/286 (left) 
and the Toshiba TIOOOSE. 


versus 6 pounds (sans hard disk drive). 
But Toshiba achieved the light weight by 
making a compromise that Compaq 
didn't. The T1OOOSE won't accept a hard 
disk drive; instead (and this is where To¬ 
shiba broke with conventional laptop de¬ 
sign), it is limited to the now-ubiquitous 
battery-backed RAM card for optional 
storage capacity. Maximum storage on 
the RAM card is 2 megabytes—far from 
the 40 megabytes available on the LTE. 

Compaq also provides more power for 
those who need it. The 80C286-based 
LTE/286 with an optional math copro¬ 
cessor runs rings around the TIOOOSE 
(see table 1), but Compaq compromised, 
too. The TlOGOSE^'s CGA resolution is 
640 by 400 pixels; the LTE's is 640 by 
200 pixels. The Compaq's keyboard is a 
bit more compact with less key travel, 
too. These are concessions to achieving 
the smaller form factor. 

The LTE is a new addition to Com¬ 
paq's computer line, filling a hole in the 
low end of its laptop offerings* Toshiba 
has positioned the TIOOOSE between the 
TIOOO, long a best-seller among low-end 
laptop computers, and the hard disk drive 
version of the T1200. 

Compaq will ship the LTE by the time 
you read this; Toshiba says the T1 OOOSE 
will be available in January. 


The Compaq Twins 

The LTE actually comes in two versions: 
a 9.54-MH2 80C86-based LTE and the 
LTE/286, which I used for a couple of 
weeks. They are identical except for the 
CPU. Prices range from $2399 for the 
LTE Model 1 (which has 640K. bytes 
of RAM, a 1.44-megabyte 3^/4- 
inch floppy disk drive, and 
no hard disk drive) to 
$2999 for the Model 20, 
which has a 20-megabyte hard 
disk drive. The LTE/286 comes 
in three basic configurations: the 
Model 1, with 640K bytes of RAM and a 
1.44-megabyte 3V^-inch floppy disk 
drive ($3899); the Model 20, with a 20- 
megabyte hard disk drive ($4499); and 
the Model 40, with a 40-megabyte hard 
disk drive ($4999). Only the LTE/286 
accepts a math coprocessor. 

Each version has two small propri¬ 
etary expansion slots on the right side- 
one for either a 24(Xl-bps modem ($449) 
or an asynchronous communications 
card ($149), the other for memory. The 
tiny modem card measures only 3 ^4 by 
2 ^4 inches* It has nearly the same design 
as the modem for Compaq's SLT/286, 
and it, too, benefits from Compaq's 
SMT engineering know-how. Maximum 
total memory for the LTE is 1 megabyte; 
for the LTE/286, 2.6 megabytes. Other 
options include a numeric keypad ($119) 
and a fast charger for the battery ($199)* 
The screen is a CGA-compatible back¬ 
lit electroluminescent supertwist LCD 
with 640- by 200-pixel resolution. Its two 
distinguishing features are its thickness 
(a quarter of an inch) and the ability to 
switch from reverse to normal video. 
You adjust contrast and brightness via 
slide controls, and you can adjust its po¬ 
sition a full 180 degrees. Screen quality 
is good, and the ability to switch video 
modes is a nice feature. 

A standby button lets you shut down 
the LTE while maintaining the memory 
contents in RAM. The LTE comes stan¬ 
dard with one serial and one parallel 
port, a video port, and an external flop¬ 
py disk drive connector. 

The 80-key keyboard is only a half¬ 
inch thick, yet it provides good tactile re¬ 
sponse with a clearly audible dick. The 
keys are not full-travel. All the function 
keys and most of the non-alphanumeric 

continued 
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New Flight Simuiator ktsyou put wings more ammmfy seen 
m a 747on a Ces^ta and redefine the word "HfF 


Brave sotds can light up the Manhattan sk^ine with the most 
radical jet this side of the BE 


It’s a known fact that Microsoft® Flight 
Simulator® provides the most realistic, eSiilarat- 
ing flying experience youll find on a PC. Desktop 
pilots have t^en to the skies in all kinds of differ- 



The control panel lets ytm knrm? 
exactly km much control you do, 
ordmX have. 



And whm you have the mound, 
you dmt even have to ffyYou can 
glidCt iw our new sailplane. 


ent aircraft, from a WWI Ace to a modern-day jet 
Now we’ve added features to the new Flight 
Simulator 4.0 that’ll throw you for a loop. Litermly 
For starters, you can design your own plane. 
Which gives you the chance to investigate the ac¬ 
celeration characteristics of a 1000 horsepower 


Cessna. Or the lead-balloon characteristics of a 
wingless sailplane. 

Equally adventurous is the weather. New 
Flight Simulator randomly creates clouds, wind, 
storms, you name it, when you least expect it 

We’ve also added an array ; 
of air and runway traftic, including 
a Boeing767. You even get runway j 
clearance from the control tower, to 
make every landing a happy one.; 

To get your flying career off 
the ground, see a Microsoft dealer. 



You could discover that you’re’ah aeronSi- 
tical engineer. Or a natural pilot 

Or maybe, just maybe, you’ll discover that 
most of your flying should be done at a desk. 
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keys are about half of normal size—an¬ 
other trade-off (see photo 3). The key 
placement took some getting used to, but 
I found the keyboard to be acceptable. 

In the “nice touch” category, Compaq 
put some thought into designing the 
LTE’s case. It looks rugged; the cover 
latches hold firm, and tabs on the cover 
fit into grooves on both the battery and 
expansion slot doors, preventing them 
from opening unexpect^ly when you jar 
or move the LTE. The machine has no 


handle, but its slipcover does. 

Battery life is rated at 3 hours, but I 
got nearly 4 hours on a battery that Com¬ 
paq had been using for an unknown 
len^h of time for demonstrations. Re¬ 
charge time is 8 to !0 hours hours 
with the fast charger). An optional auto¬ 
mobile adapter ($129) powers the system 
from a car cigarette lighter and can also 
recharge the battery pack. The LTE 
comes with an AC adapter. 

A power management include utility. 


Table 1: These BYTE benchmark indexes are preliminary, since we ran them 
on preproduction units, hut the results are interesting. The Compaq is not only 
the smallest J2-MHz laptop we *ve tested, but it appears to be one of the fastest 
as well. Both the Toshiba TSIOOSK and the Zenith SupersPon SK are among 
the fastest 80386SX systems, including desktops, that we tested. Other 

systems * ratings are shown for comparison. None of the units were equipped 
with math coprocessors. 

BYTE BENCHMARK RESULTS 


CPU Disk I/O Video 


Compaq LTE/286 

1.59 

1.26 

1,43 

Compaq SLT/286 

1.59 

1.77 

1.43 

Toshiba T1 GOOSE 

0.57 

3,09 

0.79 

NEC UltraUte 

0,93 

1,42 

0.80 

Toshiba T3100SX 

2.12 

* 

1.79 

Zenith SupersPort SX 

2.07 

1.98 

1.82 

NEC Power Mate 

Portable (80386SX) 

L96 

1.23 

1.27 


For aN indexes, an flrMHz IBM PC AT^' i. For a fuJI description of all the banchmarka. see 'Iniroducing ih>e New BYTE 
Benchmarks." Jur>e 1988 BYTE 

* Benchmarks were run under MS-DOS 4.01, wriidi skewed the nesdis of the DOS Seek pinlions of the Disk (/O lasts 
ontfieTBlDOSX 



Photo 3: only three-quarters of an inch high, the Compaq LTE/286's >mrd and 
floppy disk drives are the smallest ever. Note the two sizes of keys on the keyboard. 


Powercon, lets you set the amount of idle 
time before the system blanks the screen, 
puts itself to “sleep,” or turns off the 
hard disk drive. The LTE’s other stan¬ 
dard utilities include the Compaq Ex* 
tended Memory Manager, an Adapt 
display utility, and a disk-caching utility. 
MS-DOS 3.31 costs $120; version 4.01 
is $150. 

Getting Small 

Compaq concentrated on reducing the 
physical size of the system's mother¬ 
board and floppy and hard disk drives. 
According to David Black, Compaq's di¬ 
rector of product development, the com¬ 
pany made use of SMT engineering 
know-how that it gained from designing 
the Compaq SLT/286. SMT allows as¬ 
tern designers to put a greater density of 
application-specific ICs in a given board 
area. The motherboard measures only 
7 by 2 inches, minus a small notch to 
accommodate the hard disk drive, and 
makes use of both sides. It holds the 
CPU, math coprocessor socket, and sup¬ 
porting chips. A second board on top of 
the motherboard holds I/O and other 
miscellaneous circuitry. 

But the real stars of Compaq's minia¬ 
turization efforts arc the disk drives (see 
photo 3). Compaq worked with Conner 
Peripherals on the hard disk drive, and 
with Citizen on the floppy disk drive, 
which uses standard 1.44-megabyte flop¬ 
py disks. Both measure only three-quar¬ 
ters of an inch high, one quarter of an 
inch shorter than conventional drives. 
The hard disk drive consumes roughly a 
half watt less power than the one used in 
Compaq’s SLT/286. 

The Conner hard disk drive is particu¬ 
larly interesting in that most of its ability 
to withstand shock is internal; the LTE is 
too small to have much shock absorbency 
built into the case or drive mounts. Ac¬ 
cording to Compaq, this drive will with¬ 
stand a shock force of 400 g's—enough 
for peace of mind on the road. 

Improving an Old Favorite 

Fve had a love/hate relationship with 
BYTE’s old Toshiba TIOOO, It’s relative¬ 
ly easy to lug around on trips, but I was 
going blind trying to read its screen, and 
growing old waiting for it to load Xy- 
Write from its floppy disk drive. The 
TIOOOSE addresses those problems and 
appears to be a solid upgrade. Compared 
to what Compaq has done with the LTE, 
the TIOOOSE comes up short in the per- 
formance-per-pound department. How¬ 
ever, it will appeal to users who don’t 
need the horsepower or a hard disk drive. 

continued 
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Fabulous 

Offer 


VGAH^O/VDEfi 
Bundle Includes 

Harvard ' 

Graphics 


Harvard 


for an uddiEional 

$ 150 . 00 * 
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asmi THAN THE AVBIAGE BEAR 


Are you asking yourself what a bear has 
to do with super speed, remarkable 
resolution and fabulous colors? We did, 
too. How can anyone bear to work with 
less than incredible speed, we asked 
ourselves. How can anyone bear to 
work without ^ 
extraordinary 
resolution? i 
Bear to work 
with less than 
256 spectacular colors? 

We got so beared out, we 
decided to share one with 
you. Along with the bear facts about 
ATI's award-winning board. 





Such as: 

• high resolution 800x600 and 
1024x768 graphics 

• fast 16-bit bus support 

• 100% register-level compatible 
inVGA",EGA*,CGA*,MDA", 
and Hercules" modes 

• analog and digital monitor support 

• easy, switch less installation 

• high resolution and 132 column drivers 

• Microsoft® compatible bus mouse and 
mouse port included 

• available in 256K and 512K versions 

Oh, and bear this in mind - when it 

comes to VGA140M)fifi’®, you'll be 

getting a honey of a price! 


For more information^ 
contact your supplier or 


ATI Technologies Inc, 
3761 Victoria Park Avenue 
Scarborough, Ontario 
Canada M1W3S2 
Tel: (416)756-0718 
Fax: (416) 756-0720 



Technotogy you can That. 


iiactaiHit otr m laibws; ATI, VGAVVOVOf^ - ATI Twhftdcigttj Jnc.r Mlcnowfi - Miciowit Co<p,j HsucJe - He?culet Cflipyioi' techdolo tnc.; VGA, EGA, CGA, MDA - lj*srti*noi Buiinosj Machims Cwp. 
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Finesse ' i 

THE ULTIMATE 
STRUCTURAL ANALYSIS 
PROGRAM IN WINDOWS 



Finesse allows you to Edit, Display and 
Solve your structure simultaneously 

With our stereoscopic 3-D view your 
structures gain realism and depth 



Data Input In Finesse is extremely easy 
and intuitive even for infrequent users 

FEATURES - 

Virtually unlimited number of dements 
3-D and Stereoscopic display 
Point and click load selection 
Shear - Moment diagrams 
Steel, Concrete and Timber databases 
Ultra Fast solver 
Expanded memory use 
Math co-processor support 
Microsoft Windows Interface 
Autocad drawing DXF file transfer 


CUBE Systems Inc. 

77 Metcalfe St Suite 310, 

Ottawa Ontario Canada K1P5L6 
(613) 236 7067 tel 
(613) 236 7515 fax 
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COMPANY INFORMATION 


Compaq Computer Corp. 

(LTE/286) 

P.0, Box 692000 
Houston, TX 77269 

(713) 370-0670 

Inquiry 1170. 

GRID Systems Corp. 
(GRiDPad) 

47211 Lakeview BJvd. 

Fremont, CA 94538 
(415) 6564700 

Inquiry 1171. 

Toshiba America Information 
Systems, Inc. 

(TIOOOSE, T3100SX) 
Computer Systems Division 
9740 Irvine Blvd. 

Irvine, CA 92718 

(714) 583-3000 
Inquiry 1172, 

Zenith Data Systems 
(SupersPort SX) 

1000 Milwaukee Ave, 
Glenview; IL 60025 
(800) 553-0331 
Inquiry 1173. 


A 9,54-MHz 80C86 CPU powers the 
TIOOOSE (see photo 2). For its base 
$1699 price, you get a L44-megabyte 
3 inch floppy disk drive, 1 megabyte 
of RAM, PC-Kwik Power Pak perfor¬ 
mance utilities, and on-line documenta¬ 
tion. MS-DOS 3.3 comes standard in 
ROM as drive C. In addition to the single 
RAM card slot, the Toshiba has a slot for 
a 2400-bps modem. RAM cards come in 
1-megabyte and 2-megabyte capacities. 
(Toshiba had not released prices for these 
and other options at press time.) Also 
standard are serial and parallel ports, as 
well as an external floppy disk drive 
port. SMT is used extensively through¬ 
out the TIOOOSE as well. 

Toshiba intends the RAM cards to be 
used as a battery-bacted RAM disk. To 
the user it appears and behaves as a hard 
disk partition D. You can place your 
most-used applications on it for quick ac¬ 
cess. A separate battery in the TIOOOSE 
maintains the RAM card's contents 
when the power is shut off; removing the 
card erases its memory . If your applica¬ 
tions won't fit into 2 megabytes of RAM, 
you should consider either running some 
of them from floppy disks or getting a 
laptop with a hard disk drive. 

The screen's greater resolution pro¬ 
vides more-readable text and better 
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graphics than the LTE's, Brightness and 
contrast controls are on the side. The 
flip-up screen lilts 120 degrees. 

For a computer of its size and price, 
the TIOOOSE has a surprisingly nice key¬ 
board. Its 82 keys have the feel of those of 
a full-size keyboard, and my adjustment 
to the keyboard was minimal. 

The case on the preproduction unit I 
saw didn't seem as rugged as the Com¬ 
paq’s. The doors for the external connec¬ 
tors were hard to open and close, and the 
battery door was difficult to remove. The 
single front latch for the screen looked 
easy to jar loose. The final production 
case might be better, but for rough duty, 
the optional carrying case is a must. 

The rated battery life is a meager 2 
hours, which means you better have a 
spare battery pack for long airplane 
flights. Recharge time is a reasonable 4 
hours. An AC adapter comes standard 
with the TIOOOSE, and Toshiba offers an 
automobile adapter as an option. A 
power management utility lets you spec¬ 
ify how long the system can remain inac¬ 
tive before shutting down the screen and 
modem. It has an “auto-resume" fea¬ 
ture; once It’s enabled, you can shut off 
the computer, and it will pick up where 
you left off when you turn it back on. 

The Outlook 

Building smaller laptops is the science of 
compromise. As a buyer, you look for the 
system that compromises the least on fea¬ 
tures that are important to you. Their de¬ 
sign goals differ, but Compaq and To¬ 
shiba seem to have built two nice laptops. 

For me, the choice is easy. There's 
just no substitute for a hard disk drive—at 
least not yet. It's cheaper, it holds more 
data, and there’s no worry about future 
compatibility problems. ITl take the 
Compaq LTE/286; its size is just right, 
and it appears built to take a lot of abuse. 
Other laptops have better screens and 
keyboards, and some are lighter, but 
these are picky points compared to the 
LTE/286's overall functionality. 

But many users take a computer on the 
road to do one or two simple tasks, such 
as word processing, A TIOOOSE with 1 
megabyte in a RAM disk is more than up 
to the task. Its large screen and excellent 
keyboard are good selling points, too, 
especially to TIOOO users looking to up¬ 
grade. Prospective buyers must factor in 
the cost of the RAM cards, carrying 
case, and spare battery pack, though. □ 


Michael E. Nadeau is BYTE's associate 
managing editor for reviews. He can be 
reached on BIX as ''mken, ” 
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The ViVa2 4 Modem knocks 'em dead with style and convenience. 


^Va 


Finally! An affordable, state-of-the art 
modem designed to maximize any work 
station or desktop and take up minimal 
space. The new 2400 baud modem from 
Computer Peripherals, Inc. is a 100% 
Hayes compatable external modem 
which boasts more high-tech features than its competition 
at an unbelievable price tag. 


The ViVa24 modem represents innovation from its foot¬ 
print up with features such as: use of the Hayes "AT" com¬ 
mand set, asynchronous data format, auto-dialing, auto 
answer, adaptive equalization, non-volatile memory, auto¬ 
matic tone and pulse dialing, remote access while your 
computer is unattended, self-test and built-in diagnostics. 
Best, of all, the ViVa24 is fully backed with a five-year 
limited warranty, 


The compact, distinctively sleek tower design simplifies 
placement, and it's easily accessible, front panel power 
switch eliminates fumbling around the back of the unit. 
The handsome weighted base holds the ViVa24 firmly in 
place, and sharp LED indicator lights are aligned for com¬ 
fortable viewing, utilizing international graphic icons that 
make theViVa24 simple to understand, 

The small tower design creates a natural flow of air over 
the surface of the board, allowing the ViVa24 to run cooler 
and affording you 24-hour, worry-free operation. The 
Viva24 modem provides the user compatability with IBM 
PC, XT, AT, IBM PS/2, Apple Macintosh computers and any 
computer that supports RS-232C. P' 


Before investing in an ordinary modem, be sure to 
investigate the ViVa24. 

Call your nearest dealer or call us for details. 

Circle EG on Reader Service Card (DEALERS: SI) 

HiGHPiDELnY 

By Computer Peripherals, inc. 

667 Hancho Conejo Bivd. * Newbury Park, CA 91320 
TEL: (805) 499-5751 • Toll Free (800) 854-7600 
FAX (805) 498-8848 - TLX: 59299 CPi 


Trademarks: IBM, Inlemationa] Business Machines, Corp.; Hayes Microcomputer Products; Apple Macintosh; High Fidelity. Computer Peripherals, Inc. 
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Lug ’Em or Leave ’Em 

Stan Miastkowski 



T he past few months have seen a 
veritable flood of both desktop 
and laptop computers based on 
the Intel 80386SX processor. 
Compared to a full-fledged 80386 chip, 
the 80386SX is a logical choice for a 
portable computer* It costs less, 
requires fewer support chips, 
and consequently uses 
considerably less power, 
allowing systems to be bat¬ 
tery-powered. And while its 16- 
bit data path won’t set any perfor¬ 
mance records, the 80386SX’s 16- 
MHz clock speed is faster than that of 
most AT clones (see table 1), while at the 
same time providing some of the advan¬ 
tages of the 80386, such as the ability to 
run 80386-specific applications. 

Zenith and Toshiba have just released 
two of the very first battery-powered 
80386SX-based portable computers. We 
recently had a chance to look at prere¬ 
lease versions of both. 

Commonalities 

As you might expect from two of the in¬ 
dustry’s leading laptop makers, both the 
Zenith SupersPort SX and the Toshiba 
T3100SX are impressive and well-built 
machines that tilt toward the high end of 
the performance and price scales. They 
are slower than 803 86-based laptops, 
faster than the top-of-the-line 80286- 
based laptops, and, at about $6000 each, 
not exactly the type of systems you’U 
find in the hands of every traveler or ca¬ 
sual portable computer user. 

Both have processors running at 16 
MHz (switchable to 8 MHz). Both also 
come standard with a 40-megabyte 25- 
ms hard disk drive and a 1 *44-megabyte 
floppy disk drive* Other common stan¬ 
dard features include a megabyte of 
RAM, VGA-compatible displays, and 
the usual contingent of serial, parallel, 
keypad, and external disk drive ports* 

It still takes a lot of power to run sys¬ 
tems like these. The battery packs are 
substantial in size and weight* If you 
can’t live without battery power, both 
systems use fast rechargers to bring dead 
systems back to full power in about 3 
hours* Both companies claim their sys¬ 
tems will run for a minimum of 3 hours 
on batteries, and both machines use a va¬ 
riety of sophisticated power-saving fea¬ 
tures (e*g,, turning off the hard disk 


Photo 4: The Zenith SupersPort SX 
(left) and the Toshiba T3IOOSX. 


drive) to keep the power flowing. 

When it comes to future expansion, 
both systems also offer similar paths. 
Among these are memory cards, internal 
modems, and extra batteries* 

Zeroing in on Zenith 

The Zenith SupersPort SX is a sleekly 
designed cousin of the SupersPort 286 
(see photo 4). Its distinctive ivory case 
sets it apart from the competition, which 
seems to often opt for the more-trendy 
dark gray or black. 

Zenith’s computers have always been 
full of thoughtful touches, and the SX is 
no exception. As with the 286, the SX’s 
battery pack detaches from the rear of the 
computer. You often don’t need the bat¬ 
tery, and you save nearly 5 pounds with¬ 
out it. Sans battery, the SX weighs in at a 
more reasonable (though still far from 
light) 12 pounds. 

The Zenith’s screen is an absolute 
pleasure for the eyes, with the company’s 
well-known “page-white” LCD screen 
now made even better with VGA com¬ 
patibility* The 10-inch screen uses 16 
shades of gray for color emulation, has 
incredibly bright fluorescent backlight¬ 
ing, and tilts through a full 180 degrees. 

Keyboards are probably one of the 
most subjective areas in laptop design. 


I’ve always liked the slightly soft feel of 
Zenith keyboards, while a fellow editor 
strongly dislikes it. It really depends on 
your individual style of typing, which is 
why “try before you buy” remains the 
best advice* But I do have a few com¬ 
plaints about the SX’s 79-key lay¬ 
out, which remains staunchly 
quirky. For example, the 
backslash and single quote 
keys are located at the far 
right beyond the Shift key. And 
the cursor keys seem logically 
placed in the lower right corner, but 
they are tiny and cramped* 

Another singular feature of the Super¬ 
sPort SX is the built-in monitor ROM. 
It’s a useful feature that includes a setup 
utility, diagnostics, directable bool-up 
routines, and a debugging utility. Most 
users will never need this feature, but it 
can be a real lifesaver when you do. 

Toshiba's Not-So-Trendy Portable 

At first glance, the Toshiba T3100SX 
bears a striking resemblance to the rest 
of Toshiba’s well-known line of laptops 
(see photo 4). The resemblance remains 
at second (and third) glance, too. The 
company’s boxy, dark-gray cases have 
been around for quite a few years now. 
And while they might not look as sleek as 
the competitors’, they’re built like tanks* 
The Toshiba’s battery pack isn’t de¬ 
tachable; you’re stuck with the extra 
weight whether you need it or not. The 
T3100SX weighs in at just a hair under 
16 pounds—not the most ideal weight for 
hefting through multiple airplane 
connections. 

Like Zenith, Toshiba has added VGA 
compatibility to the T3100SX, although 
the company still uses its venerable 
“low-power gas-plasma display technol¬ 
ogy” that gives you a b!ack-on-amber 
display. I’ve always found gas-plasma 
screens to be an acquired taste. Although 
I prefer the Zenith’s paper-white screen, 
the Toshiba’s is admittedly easy on the 
eyes, even after hours of nonstop use* 
Toshiba’s AutoResume feature is one 
that every laptop should have* When you 
turn off the system, the state of the ma¬ 
chine is saved in the CMOS memory. 
Turn it back on later, and you’ll be exact¬ 
ly where you left off* This also saves bat¬ 
tery power. 

The T3 lOOSX has an 86-key keyboard 
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with a stiffer feel than the Zenith’s. 
Again, although keyboard feel is a sub¬ 
jective call, the layout of the keys on the 
T3100SX seems cleaner and more logi¬ 
cal than the SupersPort SX’s. I found 
that I didn’t have to search endlessly for 
common keys. 

Toshiba has also packed in more stan^ 
dard software than Zenith (the SX comes 
loaded with DOS 3.3 only). Besides DOS 
4.01 (which gives you an optional graph¬ 
ical user interface), the T3100SX comes 
with Quarterdeck’s QEMM-386. Al¬ 
though it’s not particularly useful if you 
only have a megabyte of RAM, this soft¬ 
ware opens up new horizons when you 
equip your system with more memory. 

Trend of the Future 

Both the Zenith SupersPort SX and the 
Toshiba T3100SX are powerful com¬ 
puters, While their performance doesn’t 
meet the full-fledged power of a true 
80386 system, that extra edge of the 
80386SX can come in handy for users 
who need a bit more processor muscle for 
serious spreadsheet or database work in 
the field. 

While the power of the 80386SX isn’t 
exactly overwhelming, these are fleet 
systems, especially if you’re used to an 
80286-based system. And while they’re 
useful now, their real power lies in the 
near future, when applications specifi¬ 
cally tuned to the 80386 start to arrive in 
quantity. 

But what’s disturbing about both of 
these systems is that 80386SX-based por¬ 
tables are bringing more weight to the 
laptop market at a time when users are 
becoming enamored of lightweight (al¬ 
beit expensive) small portables. The Ze¬ 
nith’s removable battery pack is a feature 
much in its favor. 

Finally, there’s cost. Laptops are 
stubbornly refusing to come down in 
price. As you’d expect, the 80386SX sys¬ 
tems cost more than 80286-based porta¬ 
bles, and less than 80386-based laptops. 
But $6000 is a significant amount of 
money in any situation, and when the 
80386SX chip was first introduced, the 
point of it was ostensibly to create power¬ 
ful and low-cost systems. That hasn’t 
happened yet. Thus, unfortunately, 
these 80386SX systems seem destined to 
remain with executives or with other 
power users, ■ 


Stan Miastkowski is a BYTE consulting 
editor, managing editor of K+S Con¬ 
cepts (a documentation and consulting 
firm), and editor of the OS Report news¬ 
letter. He can be reached on BIX as 
"'stanm ." 


People are laMiig about us. 


P77L-EM/32 

F77L 

Port 4GB mainframe programs to 80386s 
with this 32-bft DOS compiler. Winner of PC 
Magazine^s 1988 Technical Excellence Award. 

m* 

The compiler of choice among reviewers and 
professionals, blew \fersioti 4.0 includes an 
Editor, Profiler, Linker, Make Utility, Mfeitek 
and 386 ReaFMode Support, Graphics. $595 

F77lrEM/16 

Lah^ PBrsonal FORTRAN 77 

Address up to 15MB on 8Q286s with this 
award winning extended-memory compiler. 

ms* 

FblJ ANSI77, Microsoft C and Borland C 
interfaces, Debugger, at an unbeatable price* 
$95 


*ftequErEs DOS rxlender {Sl95) 



Contact US to discuss our products and your needs, (800) 548-4770 
Lahey Computer Systems, Inc* RO, Box 6091, Incline Village, NV 89450 
Tel: (702) 831-2500 FAX: (702) 831-8123 Tfx: 9102401256 

FORTmAH IS OUR FORTE 



Create ultra 
compact and 
fastTSRs 
with full 


Support for Turbo C® & Microsoft C® 

Create MultiTasking Programs UAJO 

Function level granular 

Auto Initialization of all activated modules and automatic 
recovery of initialization code and data space. 

Scheduler supports > 10K events 

Access Programs via < 256 Hot-Keys or interrupts. 

BCD floating point math library 

Free source code for 6 TSR’s: Help, Programmers Calculator, 
Business Calculator, ASCH/Color, Date/Alarm and Trap/Debug. 
Great for non-TSR programs too! 


Available for only: 

$149.™ 


(ask about our 
money back offer) 


COMPARE CODE SIZE 

A TSR clock using Turbo C with 
CodeRunneR vs. Blaise libraries: 

CodeRunneR 1.6K 
BLAISE 90.3K 


Microsystems Software, Inc. (508) 626-8511 
600 Worcester Road, Framingham, MA 01701 

Call our BBS for FREE sample TSRs BBS; 875-8009 

CoddRunner is a TM of Microsystems Software. Turtio C is a TM of Borland 
International and Microsoft C a TM of Microsoft Corporation 
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DESQview 2.2 DESQview 386. The 
multitaskingj windowing environments 
that work with your favorite software. 



DESQview’'* is the operating environment 
that brings 06/2*“ power to DOS, And it 
lets you, with your trusty 8088,8086, 

80286, or 80386 PC, leap into the next 
generation in PC productivity. For not 
much money And without throwing 
away your favorite softwam. 

Introducing DESQview 2.2 

And now, DESQview 2.2 adds capabilities, 
performance, and compatibility 
enhancements you've been asking fan 

Like being able to fine tune DESQview 
performance "on the fly" Run Lotus Express 
and Metro, And the Intel Connecrion Co 
Processor Even use the DOS 4.0 shell with 
DESQview. Have DESQview automatically install 
Quattro, Sprint, Aldus PageMaker, Microsoft 
Excel, Vhrd Perfect, Dataease and as many as 80 
other programs. And using the DESQview API, 
be able to dynamically link them. 

More bang; less bytes 

Wliile other programs get bigger, we've worked 
to make DESQview smaller. And we've 
succeeded in a big way on PCs and PS/2™s with 
extended, EMS 3.2 (AboveBoaid), EEMS and 
EMS 4,0 memory—as well as on 386 PCs and 


PS/2s. For example, DESQview overhead on 
EMS 4,0 and 386 PCs can be as low as lOK on 
EGA/VGA PCs. And DESQview actually 
inaeases memory 30K on CGA PCs; 20K on 
monochrome and Hercules PCs. That's good 
news for users of big desktop publishing, CAD 
and database programs. 

Introducing DESQview 386 

For users of 80386 PCs and PS/2s (or PCs with 
80386 add-in boards, such as the Intel bboard 
386), there's DESQview 386 (a combmation of 
DESQview 2.2 and the new QEMM-386 

Quarterdeck Expanded Memory 
Manager, version 42). 

DESQview 386 gives you 
extraordinary power. Run text, 
CGA, EGA, VGA, and Hercules 
programs m windows and in the 


background. Run 32‘bit 386 programs, like 
Paradox 386, and IBM Interleaf simultane¬ 
ously with your favorite DOS programs. 
All with the speed and performance you 
expect out of your 386, And with protec¬ 
tion against 'misbehaved' programs. 

Promise and performance 

And, of course, both DESQviews have all 
the features that made prior versions the 
popular choice in operating environments. 
The ability to multitask in 640K and 
beyond. View programs m wmdows or 
bll screen. Transfer data. Access DOS via 
menus. Dial your phone And create key¬ 
stroke macros within and between programs. 

Our story gets better and better 

If there's any doubt about our commitment to 
your PC and PS/2 productivity, just look at our 
accomplishments over the years. Yk think you 
will understand why GE, Ford, Aeba, 

Monsanto, and so many other major 
corporations use DESQview. 

And why PC Magazine twice gave DESQview its 
Editor's Choice Award for 'The Best Alternative 
to OS/2,'' why readers of InfoWorld voted 
DESQview 'Troduct of be Year" three times. 
Why, by popular vote at Comdex Fall for two 
years in a row, DESQview was chosen "Best PC 
Environmenr in PC Tech Journal's Systems 
Builder Contest, and just won beir "Professional 
Solutions" Award. 

DESQview lets you have it all now. 
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k Delivers. 


QEMM. DESQview API Tbolkit. 

Break the New C and Pascal 

640K barrier Libraries, Debugger, 
for $59.95 Panel Designer. And more. 


Your 80386 PC, IBM Personal System/I Model 
80, PC or AT with 80386 add-in board, as well as 
your IBM Personal System/2 Models 50 or 60 
can all break thraugh the DOS 640K barrieL Now 
you can have maximum use of your 
memory—whether you have one megabyte or 
32—with the Quarterdeck Expanded Memory 
Manager. All without having to purchase special 
expanded memory boards. 

QEMM uses hidden 
features within your 
existing memory to make 
it compatible with the 
Lotus-lntel-Microsoft 
Expanded Memory 
Specification (EMS) version 4.0. 

Now you can run colossal spreadsheets, 
databases, and CAD models designed for 
expanded memory using Lotus 1-2-3, Symphony, 
Framework, Paradox, AutoCAD, Excel and 
more. 

And if you'd like to use these programs all 
together—multitasking beyond 6^K— QEMM 
works with our popular DESQview multitasking 
environment. 

If you are one of the 12 million or so 8088, 
8086 or 80286 PC users who feel left out, don't 
despair. We have options that let you keep your 
computer and favorite programs and give you 
today what the newest PCs and operating 
systems are promising for the future. 

Visit your dealer for more information on 
barrier-breaking Quarterdeck products. 



API Reference Manual 

The key to the power of the DESQview API, our 
Reference Manual contains all you need to know 
to write Assembly Language programs that take 
full advantage of DESQview's capabilities. And 
there's an 'include' file with symbols and macros 
to aid you in development- 

API C Library 

Here are C language interfaces for the entire set 
of API functions. It supports the Lattice™ C, 
Metaware™ C, Microsoft® C, and Turbo C 
compilers for all memory models. Included with 
the C Library package is the API Reference 
Manual and source code for the library. 

API Pascal Library 

The Pascal library provides interfaces for t^^H 
entire set of API functions. It supports Turbo 
Pascal V4.0 and V5.0 compilers. Included are the 
API Reference Manual, source code for the library, 
and example programs. 

API Debugger 

The DESQview API Debugger is an interactive 
tool enabling the API programmer to trace and 
single step through API calls horn several 
concurrently running DESQview-specific 
programs. Trace information is reported sym¬ 


bolically along with the prc^am counter, 
registers, and stack at the time of the call. Trace 
conditions can be specified so that only calls of 
interest are reported. 

API Panel Designer 

This interactive tool helps you design windows, 
menus, help screens, error messages, and forms. 
It includes an editor that lets you construct an 
image of your panel using simple commands to 
enter, edit, copy, and move text, as well as draw 
lines and boxes. You can then define the charac¬ 
teristics of the vrindow that will contain the 
panel, such as its position, size, and title. Finally, 
you can specify the locations and types of fields 
in the panel. 

The Panel Designer automatically generates 
all the DESQview API data streams necessary to 
display and take input from your panel. These 
data streams may be grouped into panel libraries 
and stored on disk or as of your program. 

More Tools are Coming 

Quarterdeck is committed to adding tools as 
needed by our users. To that end we have been 
working with Ashton Tate and Buzzwords 
International on dBASE HI and dBASEIV 
translators. And in the works, we have BASIC 
and DOS Extender libraries. 



160 Pico Blvd, Santa Monica, CA 90405 (213) 392*9851 
FAX; (213) 399-3802 
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^ The Only Chzo'acter 
Recognition System 




That Outperforms Ours 


Nature's character recognition system can be 
trained to read any language. Flagstaff Engineer¬ 
ing's SPOT OCR Text Reader is also trainable. 
It has read text printed in thousands of typefaces 
in over 130 different languages! 

The SPOT OCR Text Reader works just like a 
typist who reads a page, then uses a keyboard 
to transfer the information on the page into a 
computer file—except SPOT uses a scanner for 
eyes and outputs the text directly into standard 
text files. SPOT is also faster. It can read up to 
35 characters per second on a 16MHz AT, and 
up to 65 characters per second on a 25MHz 
machine (that's 780 words per minute), SPOT 
supports most major makes of scanners. 

Using sophisticated statistical techniques, 
SPOT recognizes characters like the brain does: 
by examining their shape and context. Like 
nature's original, SPOT is very flexible. It can 
glance over an entire page or zoom in on a 
few lines of text. SPOT can read newspapers. 


magazines, books, manuals, invoices, contracts, 
government documents, columns, tables , .. just 
about any printed text. And SPOT keeps getting 
better. The new Version 3.0 is faster, more 
accurate, easier to use, and better documented 
than its predecessors. 

Since 1982, Flagstaff Engineering has provided 
visionary data conversion solutions for thou¬ 
sands of companies worldwide. SPOT is already 
increasing productivity and making life easier for 
many publishers and researchers, accountants 
and telemarketers, medical and legal offices, 
archival and transcription services. 

Wouldn't your business benefit from fast, 
accurate, and low-cost OCR software? Give us 
a call and let our application specialists explain 
how you can save time and money with SPOT, 
the OCR text-entry solution. 


SPOT 

SVMDOC RftnBRN OPTICAL TRWtSLAltlR 



Join Flagstaff Engineering's 
BIX conference: f lageng 
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FLAGSTAFF 

ENGINEERING 


Helping People Read a World of Information 


1120 Kaibab Lane 
602-779-3341 < 


* Flagstaff, AZ 86001 
FAX 602-779-5998 













Jerry reminisces about 
the beginnings of 
microcomputers and 
looks at new products 
of today 

T his issue not only marks the end 
of the 19S0s, it's also part of the 
celebration of BYTE's fifteenth 
year of publication. When my 
crack technical editor Stan Wszola re¬ 
minded me of that, he also reminded me 
that except for my ace copy editor Warren 
Williamson, I have the longest service of 
anyone in BYTE's editorial department. 
I didn't quite start at the beginning, I did 
read the first issue of BYTE, but it wasn't 
until 1976 that I let my mad friend Dan 
Mac Lean persuade me that I needed a 
personal computer and borrowed the 
money to let Tony Pietsch build it. 

Ed always secretly been in love with 
computers, but the incentive for buying 
one wasn't to own a computer per se: it 
was an application called Electric Pencil. 
The first time T saw Electric Pencil dem¬ 
onstrated, 1 realized that if I had that, 1 
would never again retype a page of text as 
long as I lived; and I fell instantly, irre¬ 
trievably, and irrevocably in love. 

It wasn't until after I got Ezekial, my 
friend who happened to be a Z80 com¬ 
puter, that I realized that computers 
don't just let you write quicker—they 
also make your work better. Before 
small computers, if you made serious 
changes in a page of text, you ended up 
retyping not only the changes but the en¬ 
tire page. 

That’s hard work. The result was the 
“clean draft” syndrome: you have a nice 
clean draft of your novel—and you find 
paragraphs that ought to be rewritten. 
Sentences that should be recast. Words to 
be eliminated. You know the work would 
be improved—but there it is, a clean 
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draft. If you tear things up, it will have to 
be retyped, either by you or by a typist 
who won't at all appreciate having to do 
that job over yet again. Isn’t it good 
enough the way it is? 

But once I had Zeke, this was no prob¬ 
lem. I wrote a draft and then printed it 
out and edited with pen and ink as I al¬ 
ways had; but when I had it all marked 
up, it was no great trick to enter my 
changes and then tell Zeke to make a new 
copy. He didn't mind at all. 

About that time two things happened: 
the BYTE editorial staff came to the 
West Coast for a computer show, and I 
got to worrying about my taxes. My 
friend Zeke had cost me $12,000 (about 
half that was for the Diablo letter-quality 
printer). It wasn't at all clear that the In¬ 
ternal Revenue Service would consider a 
computer a legitimate deduction for a 
writer; this was, after all, long before 
“word processors” became common— 
indeed, before the phrase was invented. 1 
might be able to convince their auditors 
that I needed the computer—and I might 
not. But if I could make the machine earn 
some revenue.... 

At the computer show my son Alex, 
still in high school but very much fasci¬ 
nated with computers, came over to me 
and asked: “Do you want to meet the 
famous Carl Helmers?” Shortly after 
that I was talking with Helmers, BYTE’s 
editorial director, and Chris Morgan, the 
editor in chief; and before the day was 
out, they had commissioned an article 
about writii^ with computers (see “Writ¬ 
ing with a Microcomputer,” onComput- 
ing. Summer 1979), 1 was then the sci¬ 
ence columnist for Galaxy Science 
Fiction, so the column format suggested 
itself; the article became a column; and 
Warren Williamson has been struggling 
with my semicolons ever since. 

The Computer Revolution 

In those days, we thought there might be 
a million small computers by 1987. A 
few of us predicted there would be even 


more, but we were considered mildly in¬ 
sane. After all, these were computers. 
You couldn’t just go into a store and buy 
one. Instead, you had to think about what 
kind of computer you wanted: one of the 
all-in-one systems like the Commodore 
PET or Exidy Sorcerer; a dedicated word 
processor that might or might not turn 
into a computer later on, like the Wang; 
or a general-purpose system with a card 
cage, bus, and cards, preferably an S-100 
bus. Suppose you chose the S-100. Fine. 
What kind? Imsai, with flashing lights 
and big front-panel switches? A Cro- 
memco “black brick,” with no front 
panel at all, and thus no flashing lights? 

What did you use to communicate with 
the computer? Larry Niven's wife went 
out and bought an Altai r and a teletype 
machine, complete with paper-tape read¬ 
er; but that was for games, not writing. 
Should writers go with memory-mapped 
video or a terminal of some kind? And 
what keyboard would we use? 

Even more important, what kind of 
disk system? Just about every brand of 
disk drive had a proprietary format—and 
its own operating system! When 1 first 
got Zeke, he came with an incredibly 
clumsy system known as FDOS. 

Then came CP/M, and the world 
changed. 

The Great Power Spike Continued 

We were able to fix everything after the 
16-kiiovolt power spike (see “The Great 
Power Spike,” August). I still don't have 
a new power supply for the Priam 330- 
megabyte MacDisk, so that drive contin¬ 
ues to sit in a case belonging to a dis¬ 
carded WORM (write once, read many 
times) drive; but other than that, there 
are few signs of the devastation—except 
that every bit of electronic gear is now 
plugged into surge protectors. 

On that score, 1 find that while most of 
the protectors we use bear Priority One’s 
brand name Compuguard, they are all 
made by an outfit named Data Shield 

continued 
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Solid-State Controls, which also makes 
protection equipment that is sold under 
BusinessLand's Compu-Guard label. 
They say they guarantee their work and 
will send me replacements for any of 
their units that died while saving my 
equipment. Let me again emphasize that 
no equipment that was protected by Data 
Shicld/Compuguard surge protectors 
was harmed in any way, and that the need 
for surge protection is no myth. 

Second, the Clary people examined 


my uninterruptible power supply (UPS) 
that had survived the spike (the North- 
gate 386 plugged into it continued run¬ 
ning as if nothing had happened) and 
found it unharmed; it would have been 
able to protect my equipment even if the 
unlikely power spike happened again. 
They sent me pictures of the machine’s 
innards. 

Third, three weeks later I did have a 
minor incident with the TSi UPS 3150; 
we had a mini power failure, one that just 


barely blinked the lights; and while it did 
no harm at all, the computer that was 
plugged into the TSi UPS reset itself. 
The one plugged into the Clary UPS 
didn’t notice that we’d had a problem. 
Since Tve tested the TSi several times by 
yanking its power cord, 1 can only con¬ 
clude that the on/off was just rapid 
enough to trigger a reset without trigger¬ 
ing the TSi’s backup power. I like the TSi 
unit; it’s small and compact, and I 
haven’t been able to zap the power on and 
off fast enough to duplicate the event, so 
I’ve left it on-line. 

Flash: it’s raining, and we have had a 
dozen microcomputer power failures 
since 1 began writing this. Each time the 
TSi made a slight buzzing noise, but my 
work was undisturbed. Wonderful. 

I’ve said this before, but it bears re- 
peating: if you do serious work on com¬ 
puters, whether program development or 
CAD or word processing, and you don’t 
have a UPS, you ought to rethink your 
situation. If you run Unix and you don’t 
have a UPS, you should see a psychia¬ 
trist. 

Remote Keyboards 

For me it started with a gizmo named 
Remote Keyboard, a hand-held device 
that would let you wander about a lecture 
hall giving a speech and still be able to 
control presentations on a PCompatible. I 
used it for a pilch in conjunction with 
Traveling Software’s gadget that projects 
your PC output through an overhead pro¬ 
jector (also a portable 1 got from Travel¬ 
ing Software’s catalog). Then Alex used 
it in one of his presentations to a client. 
Worked fine. 

Then came a flood of them. There 
must be a dozen different brands of re¬ 
mote keyboard controllers. 

One stands out from the others. It’s 
called SilentPartner (trust me: the unit 
works better than the name implies), and 
unlike Remote Keyboard, which plugs 
into the serial port, this works with the 
serial port as well as the keyboard port. 
It can also be used with portables that 
don’t have a keyboard port. I’m particu¬ 
larly impressed by the software that 
comes with it. It supports macros, and 
when it’s working through the keyboard 
port, these are keyboard macros: they get 
their intercept before the computer ever 
sees the characters. This makes it pretty 
well guaranteed that they won’t interfere 
with applications software, including 
Windows and SideKick and various other 
hot-key stuff. 1 even had SilentPartner 
working with DESQview. 

The unit has legends that glow in the 

continued 
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FUlW CHARTING 11+ 

Flow Charting 11+ will amaze you with its speed, power and simplicity. 

■ Update and print charts as fast as the situation changes 

• See your revisions right away—no long wait for charts to be hand drawn 

■ Select 2B standard shapes; 10 text fonts 

■ Tutorial manual makes learning easy 

■ Runs on IBM or compatibles 

■ Produces excellent organizational charts! 

■ Only $229! 

HBlMI&FHnMI 

Software Corporation 

Excellence in charting the flow of ideas 

For more information, see your iocal retailer or call 
1-800-525-0082, ext 47 (outside Caiif.) 408-629-5376 (Caiif./lnn.) 
81 Great Oaks Bivd., San Jose, CA 95119 
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All the advantages of 
Amprols Little Boaid/286 


Slot Board/286. 


One philosophy. Two systems. Ampro's new Slot 8card/286, like the Uttle Board/286, is a 
complete AT-compatible single board system. Each is equivalent to an AT motherboard and four 
expansion cards. Now, you can choose between stackable systems with the Little Board/286 or 
passive backplane systems with the Slot Board/286. Both are based on the popular 80C286 
processor. Both utilize highly integrated CMOS parts to lower parts count, increase reliability and 
reduce power consumption. Both are available in prototyping and production quantities. 


PC/AT Software 
mpatible. Ampro 
single board 
systems are 
compatible with 
MS-DOS, DR-DOS, UNDC 
and XENIX operating systems, 
plus high level languages and applications 
software. DR-DOS is included with each board. 
Everything you need. StackPlane^“ or back¬ 
plane. 512K to 4 MB on-board DRAM. Boot¬ 
able Solid State Disk. Disk controllers. Display 
controllers. A selection of I/O ports. All this, 
stackable with Litde Board/286; or, a 


complete system in a smgle slot with Slot 
Board/286. Ampro also supplies Slot Board/ 
286 card ca^es and passive backplanes for 
easier system implementation. 

Better answers for embedded systems. 
Bolt-in or plug-in. Little Board/PC and Little 
Board/286 with their compact, easy to build- 
in StackPlanc architecture. Slot Board/286 
with its passive backplane fur I/O and 
peripheral intensive applications. 

Available worldwide. Call Ampro or any of 
the distributors listed below for complete 
details on Ampro little Boards or Slot 
Board/286. 


All iradcmBTlcs air the property of llieir nespcctivE owners 

(408) 734-2800 

SINGLE BOARD SYSTEMS 

Amprtt Cpoipttiers, ItK,, 1150 Muuntaiii View/Alviso Riiacl, 
Sunn^alc, Telex; 4W502 FAX: (408 ) 734-2^39 


Slot Features 

IBM PC/AT compatible 
12 or 16 MHj' 80C286CMOSCPLI 
IJp to 4MB DRAM on-board 
On-board Bootable Solid State Disk 
2 serial ports (IIS232C/RS422/RS485) 
Parallel primer port 
AT Bus hard disk interface 
Floppy disk controller 
SCSI controller 
Enhanced Award ROM BIOS 
Math co-processor support 
Real time cluck & watch dog timer 
Low power (approx. 8 Watts) 

Wide operating temp, ranf^: 0 to 6D" C 
Low parts count. High reliability 
Optional On-board Mini Modules: 
EGA/CCiA/MDA/llercules compatible 
controllers 

LCD Display Driver, Serial/Parallei expansion 
2400 baud modem... and more 


Reps: USA - contact AMPRO for the name of your nearest rep. Australia - 6l 3 720-3298; Austria “ 43-1/4S 4510-0; Canada - (604) 458-0028; Deoniark ~ 45 3 66 
20 50- Finland - 358 0 585 522; France - 331 4502-1800; Germany, West - 49 89 6l l4l5i; Hong Kong/PRC - 5 8613118; Israel - 972 3 49-16-95; Italy -- 39 6 
811-9406; Japan -81 3 257-2630; Netherlands - 31-lO^M 8521; Sweden -46 8 55-00-65; Switzerland -411 740-41-05; United Kingdom -0296-435511 
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dark, although they don’t glow brightly 
enough to make much difference, or 
didn’t at the light levels Td use for a PC 
presentation. Oh, well. You can’t have 
everything. 

If you’re into remote hand-held con¬ 
trollers for your PC, look at Silent- 
Partner. Recommended. 

IPSS 

Every now and again I get a program like 
Interactive Population Statistical System 


that makes me want to drop everything 
and spend a couple of weeks playing with 
my computer. If this column weren’t due 
this weekend and Wrath of God overdue 
already, I’d probably be fooling around 
with IPSS yet. 

Of course. I’ve been interested in pop¬ 
ulation projections since the Boeing Co. 
had me take a seminar with Herman 
Kahn in 1959, One of the things Herman 
taught was just how much of the future is 
not only predictable, but obvious. Popu¬ 


lation projections, for instance: given the 
age pyramid, certain conclusions follow 
inevitably. 

For example, the U.S. must increase 
productivity: we have a declining work 
force and increasing numbers of elderly 
people. The Social Security program of 
the U.S. is a gigantic Ponzi scheme: the 
next generation of workers supports the 
previous one. This isn’t necessarily 
bad—so far no one has gone broke bet¬ 
ting on the f uture of the U. S. —but it does 
mean that each generation must produce 
enough to take care of itself and have 
enough left over to take care of the re¬ 
tired. 

The problem is that each generation 
naturally expects more than the last, 
meaning that each must produce more. If 
there are also more workers, productiv¬ 
ity per worker needn’t rise much; but if 
there are fewer workers, productivity 
must rise, or there is no way to pay the 
current work force and also fund the So¬ 
cial Security obligations to the previous 
generation (whose Social Security taxes 
were long ago spent to pay for the genera¬ 
tion previous to that one). As I said, a 
Ponzi scheme; and where it runs into 
trouble is when it’s clear there will be 
fewer^ not more, workers. 

The U.S. has a declining work force, 
and if it were not for immigration, we 
would soon have a declining population. 
Note that even if next year starts a new 
baby boom, it will be 18 years before that 
has any effect on the number of produc¬ 
tive workers, 

When I first got Zeke, I wrote a num¬ 
ber of population-study programs in 
BASIC. They were crude little models, 
but they were better than anything I’d 
ever seen, including those used by the 
Bureau of the Census and the Depart¬ 
ment of Labor Statistics. I used them to 
make a number of projections, most of 
which inevitably “came true,” so that in 
some circles I got the reputation of being 
a prophet, when all I did was let the com¬ 
puter show me the obvious. 

Now there’s IPSS for the Macintosh, 
and anyone can do it. 

IPSS is a flexible population-analysis 
and projection-modeling program that 
does everything that my old models ever 
dreamed of doing and more, and does it 
without fuss or bother. It makes exten¬ 
sive use of the Mac interface for data in¬ 
put and output. It’s intuitive to use. 

In a word, if you’re interested in pro¬ 
jecting population data, such as how 
many female teenagers will be in my 
state in six years, or how many mature 
workers will be in the U.S. in the year 

continued 


Microcomputer News On-Line 

In this fast paced industry, can you afford to wait a week or a 
month for information that may aifect you today? 

MicroBYTES Daily is an electronic news service covering the 
latest developments in the microcomputer industry. If it concerns 
MS DOS machines, Macintosh, Unix workstations, Amigas, 
Atari STs, peripherals, networks or software, you will find it in 
MicroBYTES. 

Fast and Easy 

Read the items as they break or use the powerful search 
command to quickly locate your information. Best of all you can 
download the text and print it or use it in your favorite word 
processor. 

Whether you are a developer, marketer, or researcher, you 
need reliable information and you can count on MicroBYTES. 
Backed by the combined resources of BYTE magazin e, BYTE- 
week, and BDC, MicroBYTES gives you access to our world¬ 
wide network of reporters and the integrity and experience of our 
editorial staff. 

In your position as a leader in new technology, you carmot 
afford to be just one of the crowd. Get ahead with MicroBYTES. 

Call now and subscribe today. 

BIX 

One Phoenix Mill Lane 
Peterborough, NH 03458 
800-227-2983 
In NH 603-924-7681 
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Circle 302 on Reader Service Card 

StatSoft 


THE NEW STANDARD FOR 
HIGH PERFORMANCE 
STATISTICAL SOFTWARE 


CSS 


A powerful, comprehensivej elegant, and super-fast statis¬ 
tical package for IBM (PC, AX PS/2) and compatible 
computers. ■ The CSS optimteJ user interface with fast 
hierarchical menus incorporates elements of artificial intelli¬ 
gence; even complex analyses require only a few keystrokes 
(batch processing is also supported). ■ CSS features compre- 
hetisivef state of the art implementations of: BasksMisiks, 
Multi-my frequency tables, Nonparamtric statistics, 
Expbjratory data analysis with amlylic graphs, Multiple 
regression methods, limscriesaTtaly$iswithTm(klingand 
forecasting (ml fidl ARIMA), General ANOVA/ANCOVA/ 
MANOVA, Contrast analysis, DisenminaTU function 
anatysis, Factor amlym, Principal emponents. Multidi¬ 
mensional scaliTig, Item analysis/Eelmbility, Log-linear 
analysis, C^^ts^er analysis, Non-lmear estmation, Logit/ 
ProMt analysis, Cnmsmcal dM/pts^ Suniml and Failure 
Tim amlysis (Censored deka), Quality Control analysis, 
and much more. I All statistical procedures are integrated 
with fast data base management and instant, presentation 
quality graphics (over 100 types); full support for all mono 
and color graphics boards (inch VGA) and over 1(K) plotters 
and printers (ind, the HP and Postscript standards), i All 
(^S screen output is displayed via customized Scrollsheets™ 
(i.e., dynamic, user controlled, multi-layered tables with cells 
expandable into pop-up windows); ah numbers in a Saoh- 
sheet^^ can be instantly converted into a variety of 
presentation quality graphs; contents of different SctoU- 
sheets™ can be instantly aggregated, combined, compared, 
plotted, printed, or saved. ■ The flexibility of the CSS input/ 
output is practically unlimited: CSS offer? an intelligent 
interface (read/write) to all common file formats (Lotus, Sym¬ 
phony, dBH, dSlII -t-, Dff, SYLK, ...) and ^ial utilities to 
easily access data from incompatible programs; graphics can 
be saved in files compatible with desktop publishing pro¬ 
grams (Aldus, Ventura). ■ CSS data files can be as large as 
your operating system (DOS) allows; OS/2 version coining 
soon. ■ CSS precision exceeds the stmidards of all common 
precision benchmarks. ■ note: The CSS user 

interface and all I/O were written in Assembler and b^xiss 
DOS; graphics and data management were writtm in 
Assembler and C; die computatwml atgorithms were 
written in A^embler and optimmd Fortran. ■ $495 (plus 
$5 sh/h); 14-day money back guarantee. 


Overseas Offices: StatSoft of Europe (Hamburg, FRG), ph; 040/4200347, fajt: O4OM2O0724, StatSoft UK {London, UK}, ph: 0438/310056 or 316561, fix: 0438/310001, StatSoft Pacific (Melbourne. 
Australia), ph: 613-663-6580, fax: 613-663^6117, StatSoft Cenada-CCO (Ontario), ph: 416-349-0/37, fax: 416-649-0918 Available From: CORPORATE SOFTWARE and other Authorized Represen- 
latives Worldwide: HoEtand: Lemax BV 02968-94210; Frar^ce: Conceptel (1) 45669700; Sweden: AkademlOata 018-696201; Korea: GeuI Bang (02} 272-1873 
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,$19.95 


CPP126 .$56.95 

Dam Shield Solid-State Controls, Inc. 
269 Mount Hermon Rd. 

Scotts Valley, CA 95066 
(800) 877-7844 
(408) 439-6600 
Inquiry 989^ 

DESQvieW386 .$189.90 

Quarterdeck Office Systems 
150 Pico Blvd. 

Santa Monica, CA 90405 
(213) 392-9851 
Inquiry 999, 

Interactive Population Statistical 


System 

for Mac Plus..$295 

for Mac T1 ...$395 


PSRC Software 

Population and Society Research 
Center 

Office #302, Hayes Hall 
Bowling Green State University 
Bowling Green, OH 43403 
(419) 372^2497 

Inquiry 991. 

Onguard PC-L25kUPS.. $2395 

Clary Corp. 

320 West Clary Ave. 

San Gabriel, CA 91776 
(818) 287-6111 
Inquiry 992. 

PC Generai Ledger.. $50 

Charter Software 
P.O. BoJt 70 
Monticello, IL 61856 
(217) 762-7143 
Inquiry 993, 


EEC Handbook ....$14.95 

Dali Design 
P.O. Box 9882 
Baltimore, MD 21284 
(301) 821-1230 
Inquiry 994. 

SilentPar tner .. .$349 

Presentation Electronics 
4320 Anthony Court, Suite 8 
Rocklin, CA 95677 
(800) 888-9281 
(916) 652-9281 
Inquiry 995. 

Sword of Aragon........_... $39.95 

Strategic Simulations, Inc. 

675 Almanor Ave. 

Sunnyvale, CA 94086 
(408) 737-6800 
Inquiry 996. 

Tecraar VGA Board... $350 

Tecmar 

6225 Cochran Rd. 

Solon, OH 44139 
(800) 624-8560 
(216) 349-0600 

Inquiry 997. 

TSi UPS 3150.......$349 

Taesung Industries, Inc. 

2001 Westside Pkwy., Suite 240 
Alpharetta. GA 30201 
(404) 664-8944 
Inquiry 99S. 

WingZ .........$399 

Informix Co. 

16011 College Blvd. 

Lenexa, Kansas 66219 
(913) 599-7314 
Inquiry 999, 


2005, or how many females of an age to 
use cosmetics will be in the state of 
Washington in 1996, you need this pro¬ 
gram. People who make business plans 
(and need to predict the customer base); 
school boards; all kinds of people can 
use this thing, although they probably 
won't. 

IPSS is a powerful tool, and it will 
take you a while to master it. No matter. 
You can begin playing around with it 
minutes after you load it. The manual is 
extraordinarily complete—there's even a 
listing of the Pascal source code of the 
program—with a complete explanation 
of the assumptions made in the model. It 
happens that I don't agree with all of 


them, but that's mostly a matter of omis¬ 
sion; and it's relatively simple to take the 
output of the IPSS model and use that as 
the input for my own models if I really 
want to do that. 

Mostly, though, I just want to play 
with this. It's elegant, easy to use, and 
useful. If you have any interest in popula¬ 
tion, get this for your Mac. 

Highly recommended. 

Spreadsheet Wars and System Wars 

Lotus 1-2-3 release LO was a phenome¬ 
non. You can make a good case that this 
program moved the IBM PC from a 
home and hobby machine to the business 
world, simultaneously blowing Apple 11 


and VisiCalc out of offices and off to the 
periphery of the computer industry. Soft¬ 
ware developers—big outfits and garage 
start-ups alike—have been trying to 
wedge into the Lotus 1-2-3 market ever 
since. 

The only one that had much success 
was Microsoft's Excel, which did for the 
Mac what Lotus had done for the IBM 
PC: make it a serious contender for busi¬ 
ness offices. Excel was a completely dif¬ 
ferent kind of spreadsheet, one that in¬ 
corporated graphics, analyses, and an 
easy-to-use macro programming lan¬ 
guage, all features that both VisiCalc 
and Lotus 1-2-3 release 1.0 lacked. Prior 
to Excel, the Mac was an interesting little 
machine, useful for graphic artists, per¬ 
haps, great for games, and satisfactory— 
but no more than that—as a word proces¬ 
sor. For real business work, though, you 
needed a PC and Lotus 1-2-3 until Excel 
came along; after that, the advantage in 
power lay with the Mac. 

Excel had another effect: by showing 
just what the Mac could do, it generated a 
whole slew of powerful programs link¬ 
ing forms generation and the spreadsheet 
concept. The best known of those was 
MacTnTax, but there are plenty of others. 
Even with all that. Excel and the Mac 
still have a relatively small market share, 
about 15 percent; but that's still not only 
respectable, but the largest single rival to 
Lotus 1-2-3 (with a 70+ percent share) 
in the spreadsheet market. 

This situation seems fairly stable, loo, 
which is interesting, because there are 
now con.siderably more powerful spread¬ 
sheets than either Lotus I -2-3 or Excel. 
Apparently they aren't enough more 
powerful to tempt Excel and Lotus i -2-3 
users to make the change. 

I can understand that. I don't have a 
great deal of spreadsheet work, but when 
I have some to do, 1 use SuperCalc. This 
is largely for historical reasons: I've 
known its authors Richard Frank and 
Paul McQuesten since they developed 
one of the first CP/M Pascal compilers, 
so SuperCalc was the first spreadsheet I 
tried. 1 didn’t care for Lotus 1-2-3 when 
it came out because for years it was copy¬ 
protected, and I've always believed that 
anyone who trusts business affairs to 
copy-protected software ought to have a 
really good knowledge of the Chapter 11 
bankruptcy laws. By the time Lotus 
came out with an unprotected version, I 
was up to SuperCalc 3 and was used to it. 

1 was also used to its limitations, and 
thus I wasn't tempted to demand of it 
anything it couldn't do. Indeed, I got so 
set in my ways that when SuperCalc 5 

coniinued 
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TOPSPEEDC: 

Standard Edition $199 

(DOS Compiler & VID) 

Extended Edition $395 
OS/2 Edition $495 

Call on TopSpeed Modula-2 compiler 
(with objects) & toolkits. 

TO ORDER: 

In the us., call: 

1-800-543-5202 


lOPSPEED' C 

he next generation 


In Canada, call; 


1-800-543-8452 


TopSpeed C. Compiler and library conform 
1D0% with proposed ANSI standard. Source compat¬ 
ible with MS C and Thrbo C (where ANSI compat¬ 
ible). Library is a superset of both MS and Turbo C*s 
libraries, ExtensionsincluderTlTne-sUced scheduler 
for concurrent Functions. Powerful text window 
management. Borland text windows supported. 
MS‘s graphics, plus: Bar chart & polygon plotting, 
standard formatted text lO to graphics windows. 
Interface to Borland‘s Graphics Interface (BGI). 
Mouse support. All BIOS and DOS calls supported. 
Common UNIX calls. 6 memory models plus user- 
iefinable memory models. Smart linker Includes 
only functions and data used in the final program. 
Optional fun-time checks include overflow, stack, 
jrray bounds, and pointer checks. Run-time and 
compilation errors automatically pinpointed in 
iourcecode. 

Comfnon optimising code generator. All 
compiler.s produce highly optimized code using the 
same code generator. 8086/296/386 specliic code. 
Automatic optimal register allocation. Caramon 
^ub-expression Elimination. Expand any function as 
nlxne code. Pass parameters in registers (optional). 
Inline 80x87 code or emulation. 

Automatic make. Fully automatic make with 
krersion control recompiles and rebuilds EXE, LIB 
ind DLL files as necessary without the need of a make 
script. Make dependencies are described by project 
lies, which simply list the objects to be included, as 


well as the names of other dependent projects. One 
single make can result in multiple compilations using 
different compilers and/or assemblerSp linking and 
building of libraries, DU^ and an EXE file. 

Seamlessly integrated environment. Up to 
10 active editor windows, each with a capacity of 1/2 
MB source code. Compiler errors and warnings pin¬ 
pointed in source code; automatic file-switch when 
stepping between errors or warnings. All menus and 
hot-keys redefinable. By default, editor commands 
compatible with Turbo and SideKick. Keyboard 
macros a la Super Key Cut and paste between editors, 
help .system^ and directly from screen memory. 
Multi-search commands, programmer's calcu¬ 
lator, built-In ASCII, key scancode, and color tables. 
HyperText help system with library reference. 

Extended and OS/2 Editions, These editions 
include: Support for Microsoft Windows. DOS 
Dynamic Link Libraries. Full source code to libraries. 
Start-up assembler code. High-speed Assembler Is 
fiilly integrated in the environment. Disassembler. 
Program execution profiler. Code locator for embed¬ 
ded systems program mi ng. Watch uti li ty for viewing 
any selection of DOS calls as they are executed. 
Programmer's Interface to debugger. Post Mortem 
Debugger. And more, OS/2 Edition has fail support 
for Presentation Manager. 

Top^ccU dnd TeChKit arc [raUcmafk^ iir|en.u:R & Parmers latema- 
danaL Other brand and product names arc tradcma.rk5 or 
trademarks of their respective holders 


Call on shipping & handling 
charges & volume discounts, 
VISA/MC accepted. 


ZQ-day unconditional 
money-back guarantee. 



Jensen & 
Partners 
International 


1101 San Antonio Road,Suite 301 
Mountain View, CA 94043 
Phone: (415)967-3200 
FAX: (415)967-3288 


In Engiand & Europe contact: 

Jensen & Partners UK Ltd,, 63 Cler- 
kenwell RoadT London ECIM 5NR 
Phone. (01)253-4333. FAX: 
(01)251-0141. C Standard Edition 
itJ49; C Extended Edition ib295; 

C OS/2 Edition *370. Call on 
handling Sl VAT charges, and 
TopSpeed Modula-2 product prices. 
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Manager 



C Programmers choose dbJFILE 
because it's fast and flexible. 

The combination of relational B-tree indexing 
and network model database technology 
delivers better perfonnance than file manag¬ 
ers using relational technology alone. Build 
simple B-tree/ISAM applications or complex 
database applications* You decide how to 
optimize runtime performance. 

SQL Support included. 

db_RETRlEVE - the SQL-based relational 
Query and Repon Writer is now included in 
this special offer. 

Applications completely portable. 
Free lifetime phone support. 

C source code is now included! 

No royalties. 

SPECIAL LIMITED OEEER 

db_FlLE, db_RETRlEVE and source code 
for each — at one low price! 

Sinj'le-User Package $2^5.(M) 

A $1780 value. 

Multi-User Package $595.00 
A $2890 value. 


db_FILE" 

File Manager 2.2 

Fite Structure: Relational B-lree indexing and 
network databa^ic model. Use independently or 
in combination for real power. 

Transuctiun prticessing supported 
Not RAM resident 

Operating Systems; MS-DOS, UNIX* XENIX 
C Compilers: UNIX* XENIX, Microsoft 
Lattice, TurboC 
Major LANs Supported 


For your nearest distributor call; 
l-800-db_RAIMA (1-800-327-2462). 

r^RAIMA"' I 

CORPORATION ^ 

^Raattin A ihe nubt 1o dLscontnue itiih pfuouiiao m any intu wnihau] notke. w 

chock pneiog thliAi you cull 

Koiirui Curpmatkift 3245 I46lb Place S.E., BeHeviie, WA 93007 USA 
(206)747-5570 Tritx: 6503018237 MCI UW FAX: f206)747-JW( 
Tew: (214) 231 -3131 imematkhaaJ DL<clribidnrk- lUC.: {WV2) 500919 
tiermany: 0712773244 Switiertand: (01)725 0410 Fnmoe: (1H6092S2® 
e«Kiux:3l(02l59>46ai4 Sweden: (013)124780 ItiJvi 0457584711 
Nurway; 47 244 88 55 DenmaHt: (2)887249 Siiigji|»re; 468 3KSB 
Auslrwlia; (03) 959 5122 Japan: (0[J>4i73 7432 Tabnui: (02)511 3277 
Mexico: (83) 57 35 94 Bnwi; (0192) 52 9770 Cdombiii: 57 I 218 9245 
Aruefltiiiii; 54 I 3135371 Chllf; 56 2 696-4308 Unigiuy: 92 1937 
Caribbean: (809) 834 40ft9 Central Ameriraj (506) 28 07 64 
eOipynfihi Xaima Coqxwaikifi IW19 

114 BYTE* DECEMBER 1989 


arrived a few weeks ago, I didn't bother 
to install it—and I still haven't. I should, 
of course, but there’s no urgency* I can’t 
think of anything 1 want to do that I can't 
do now* 

It’s much the same with Borland Quat- 
tro, both the old standard and the new 
Quatiro Pro* I know Quattro Pro is more 
powerful than Lotus 1-2-3 and Super- 
Calc, and easier to use to boot, I know 
very well that if 1 were starting over, 
about to set up a spreadsheet for the first 
lime, I'd very likely use Quattro Pro, I'd 
want to do a playoff between Quattro 
Pro, SuperCalc 5, Lotus 1-2-3 release 
3.0, and Excel 2.2; but from the limited 
experience I've had with all those, I'm 
convinced I'd choose Quattro Pro. 

Meanwhile, back at the Mac front, it’s 
much the same story. While I do all my 
financial spreadsheet work on PCompat- 
ibles with SuperCalc 3, when I do scien¬ 
tific modeling using a spreadsheet, it's 
always Excel on the Mac IIx, That's also 
partly historical—Dr* Michael Hyson 
did the first I/O model of a lunar colony 
with Excel on the Mac, and that's still the 
most elaborate model available. It’s also 
just plain easier to do elaborate spread¬ 
sheets in Excel on the Mac, and if you ask 
why 1 haven’t long ago abandoned PC 
spreadsheets entirely and moved my fi¬ 
nancial operations to the Mac, I haven't 
got a good answer. Partly it’s printers. 
The PC uses my ancient Hewlett-Packard 
LaserJet Plus, which warms up faster 
than the Apple LaserWriter. Mostly it’s 
just inertia and sloth. 

More to the point, though: Excel is 
not, in my judgment, the best of the Mac 
spreadsheets. Informix Software’s 
WingZ is newer and more useful. But for 
the same reason that I haven't converted 
from SuperCalc 3 on the PC, I haven't 
changed from Excel to WingZ on the 
Mac. What I’ve got is good enough, 
meaning that I have no choice but to live 
with the limits of what I have. 

It should be fairly clear, then, that you 
shouldn't do as T do. If you’re just getting 
into the spreadsheet business, you don't 
want SuperCalc 3 for the PC: you want 
to have Quattro Pro. If you're a Mac 
user, there’s nothing wrong with Excel, 
but WingZ is a considerable advance be¬ 
yond it and easier to learn in the bargain, 

I found that out watching Frank, my 
number two son, who graduated with a 
degree in business administration this 
summer and is now going into telephone 
communications services. He's grown 
up in a house full of computers, so they 
neither intimidate nor fascinate him. 
They’re just tools* He had an AT with 
Framework while he was in college* He 


also had SuperCalc and most of the pro¬ 
grams 1 use* And when T asked him what 
he wanted to get set up and started in 
business, he didn’t even hesitate. He 
wants a Mac Ilex with WingZ, Microsoft 
Works, and Ready-Set-Go!; and he can 
do things with WingZ that I never even 
thought of trying with Excel. 

Stewart Alsop concluded that the only 
way that millions of satisfied users can be 
wooed away from Lotus 1-2-3 release 
2.01 is through adoption of radically new 
systems, either software or hardware. 
Windows might do it* or Presentation 
Manager, or a radical shift from the PC 
to the Mac; but unless something like 
that happens, users will go on with what 
they have on the theory that good enough 
is good enough, and if it ain’t broke don't 
fix it. 

There's a lot of inertia in the user 
community. 

The moral of my story is simple: if 
you’re just beginning to learn about 
small computers for business, don't 
select your software purely on the basis 
of what everyone else is using. Look 
around. There's probably something 
better. 

DESQview Pains 

Roberta always gets my older-model 
computers. She says she doesn’t mind. 
The other day I noticed what she was 
running: the Kay pro 386i, one of the first 
80386 machines ever to come out. It had 
only 512K bytes on the motherboard; you 
used Quarterdeck's QEMM-386 to 
backfill the system memory to i mega¬ 
byte with some of the 2 megabytes of ex¬ 
tended memory that came with it. 

Kaypro shipped the machine with 
DESQview, and, indeed, the 386i with 
DESQview was about as good as any 
80386 computer on the market in its day; 
but that was a couple of years ago. The 
machine is slow, it has only one floppy 
disk drive (and that's getting flaky), and 
there's only a 20‘megabyte hard disk 
drive. Roberta has long since filled it and 
keeps having to peel stuff off to floppy 
disks. It's clearly lime to set her up with 
a new system. 

1 knew just the machine* The Zenith 
Z-386/15 has a 70-megabyte hard disk 
drive, and it's twice as fast as the Kay- 
pro, is just as reliable (but no more so: 
except for that flaky floppy disk drive, 
we haven't had any glitches at all from 
the Kaypro, and we've used it hard), 
and, best of all, has both I*2-megabyte 
high-density and 360K-byte standard- 
density 5 U-inch floppy disk drives. 

Indeed, Roberta has been using the 
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We have an interesting proposition for you. 


Don’t Choose. Use the 
Faircom'^ Toolbox and get 
both; 4GL development speed 
and C source code power! 

Whether you need the development 
speed and convenience of 4GL pro¬ 
gramming or the low-overhead power 
capabilities of C source code, the 
Faircom Toolbox can meet the require¬ 
ments of any professional deveirper! 

The Toolbox contains the Indus¬ 
trial strength tools to develop 
applications the way you want! 

♦ Development Environment by d-tree™ 

— Prototype generation 
— Data dictionary 
— Dynamic resource swapping 
—Screen management 
—Overlapped windows 
— File restructuring 
— Runtime portability 
— Menu management 

♦ RIe Management by c-tree® 

— Variable length records 
— Key compression 
—Client/server architecture 


—Ascending/Descending key 
segments 

— Dynamic space reclamation 
— Portable. Used in over 100 
environments 

—Variable length key fields 
— High speed B"*" trees 
• Report Generation by r-tree® 
—Complex multi-line reports 
—Multifile access 
—Complete layout control 
—Conditional page breaks 
—Nested headers and footers 
—Unlimited control breaks 
—Dynamic format specifications 
—Horizontal repeats 
—Powerful set functions 

And NOW Faircom Introduces 
the Toolbox Special Edition 
with the power and flexibility 
you need for only $695! 

Now you can create applications using 
the methods you like—whether it’s4GL 
convenience or C source code power! 
And at $695 you get this power at a price 
you can afford. 


Order today! No risk, money 
back guarantee! 

Order the Faircom Development Toolbox 
and use it for 30 days. If you don't think 
it's the best development tool available, 
just return the entire package for a full 
refund 

Call 1-800-234-8180 TODAY for 
your Faircom Toolbox! 

The Toolbox Professional Edition.. $1095.00 
DOS, Unix, Xenix, VMS. OS2 
Full source, single and multi-user support 

The Toolbox, Special Edition.$ 695.00 

Microsoft Borland, Xenix, OS2 
Object libraries, single user only 

Upgrade to Professional Edition .. $ 400.00 
Includes overnight delivery 



FAIRCOM 

corporation 

4006 Vtfest Broadway 
Columbia, MO 65203 
Phone ■ 314-445-6833 
FAX •314-445-9698 
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Z-386/15*s standard-density floppy disk 
drive to make the shipping copies of Mrs. 
Pournelle’s Reading Program, which 
uses a PC to teach anyone from age 4 to 
104 to read English {see “Language So¬ 
journ,” April). At the moment, the Z- 
386/15 has the 19-inch Electrohome 
monitor running off Video Seven's fast 
RAM VGA board, so it^s a lovely thing 
to see, just right for demonstrating stuff. 

Its only problem is that I had never set 
it up properly with DESQview, and, like 
me, Roberta is used to DESQview's con¬ 
venience. 

DESQview lets your 80386 system run 
programs from extended memory. They 
aren't swapped in and out; they're actu¬ 
ally run from high memory. This is pos¬ 
sible only with an 80386; with 80286 
ATs and 8088 XTs, you can use that 
memory for fast swapping, but you can't 
run the programs up there. The trick, 
then, is to configure your 80386 so that 
you get large—520K bytes and larger— 
windows in DESQview so that you can 
run TSR programs like WordFinder in 
the same window with your word pro¬ 
cessor. 

This is done on an 80386 with Quar¬ 
terdeck's QEMM-386 memory man¬ 
ager, which not only lets you make use of 
memory above 1 megabyte, but also lets 
you do special things with the memory 
between 640K bytes and 1 megabyte if 
you use the RAM switch in the QEMM 
command line. Thus, if you include the 
line DEVICE - QEMM.SYS RAM 
ROM in your CONFIG.SYS, you can use 
a Quarterdeck program called LOAD- 
HI.COM to put things like mouse drivers 
and buffers, which now run in ordinary 
system memory, up in the 640K-byte to 
1-megabyte extended-memory area. 
(They won't go into the area above I 
megabyte without being specially writ¬ 
ten to do that, and most such drivers 
haven't been.) 

The ROM command “shadows” or 
copies your ROM BIOS into high RAM 
memory, speeding things up a lot. 

In other words, QEMM improves your 
80386 even if you don't use DESQview. 
My problem was that I couldn't get the Z- 
386/15 to use QEMM properly . 

The first thing was to eliminate the 
ROM command. Zenith more or less in¬ 
vented the trick of shadowing ROM into 
RAM. They call it Slushware, If you 
have QEMM do it also, you get conflicts. 
If there's a way to turn off the Slushware 
feature, 1 can't find it in the setup pro¬ 
gram or the manuals. OK, no ROM com¬ 
mand, since it's not needed anyway. 
Alas, the system still blew up and had to 
be booted from a floppy disk so that I 


could edit the CONFIG.SYS file. Sigh. I 
was used to ±at: but let me warn you, be¬ 
fore you start experimenting with CON¬ 
FIG.SYS, make up a boot floppy disk 
and keep it handy. You will probably 
need it. 

The next thing was to put DEVICE 
=QEMM.SYS into CONFIG.SYS with¬ 
out the RAM statement. That booted 
fine. Then I ran the program QEMM. 
COM. This shows a memory map of the 
Z-386/15, 

AOOO-AFFF Video 
B800-B7FF Mappable 
COOO-C5FFROM 
C600-C7FF RAMmable 
C800-DFFF Mappable 
EOOO-EFFF Page frame 
FOOO-FFFF ROM 

which told me whai I had to do: I needed 
to use the command line DEVTCE= 
QEMM.SYS RAM X=AOOO-AFFF 
X=B000-B7FF X = B800-C5FF X = 
FOOO-FFFF. This excludes those mem¬ 
ory areas so that QEMM doesn't try to 
take charge of them. 

Next, invoke DESQview through the 
program XDV.COM, which loads the 
main program DV.EXE partly into the 
640K-byte to 1-megabyte extended- 
memory area and partly into the area 
above 1 megabyte. (Most people rename 
XDV.COM to DV.COM; then when you 
enter the command DV, DOS chooses 
the communications program to run 
first.) The result was that even after load¬ 
ing the mouse driver into high memory 
(the command is either LOADHl.SYS 
MOUSE.SYS in CONFIG.SYS or 
LOADHl MOUSE 2 in AUTOEXEC. 
BAT), I got windows with 572K bytes— 
pretty respectable. Without DESQview, 
I had DOS free memory of just under 
600K bytes, and you don't hardly get no 
better than that. 

Once I had the Z-386/15 running 
properly, I figured it would be no trick to 
do the same for the new Z-386/25. This 
machine is awesomely fast. It comes with 
the usual Zenith wonders, like their 
built-in Monitor (not hardware: a pro¬ 
gram that manages the system for you) 
and, best of all, the new Zenith DOS 3.3 
Plus, which has nearly all the features of 
DOS 4.01 without the drawbacks. As an 
example. Zenith DOS 3.3 Plus allows the 
Z-386/25's hard disk drive to be config¬ 
ured as one single logical drive of 155 
megabytes. One warning about the Z- 
386/25: any memory above the standard 
640K bytes has to come from Zenith. 
Cheetah cards, although fast enough, 
won't work; the Z-386/25 never finds the 


memory. Instead, you must buy single 
in-line memory modules. There's room 
for a lot, 16 megabytes or more. 

The Z-386/25 is clearly faster than my 
present Cheetah 386, and since I gener¬ 
ally try to use the latest and greatest, it 
was a candidate to be the main machine 
here at Chaos Manor. To do that, though, 
it would have to run big DESQview win¬ 
dows; but that shouldn't be a problem 
now that I had set up the Z-386/15, 

I connected the two machines with the 
new six-headed cable supplied by Travel¬ 
ing Software and invoked LapLink 3 on 
the Z-386/15. There wasn't a copy on the 
Z-386/25, but no matter: LapLink 3 will 
send itself to the other machine. Once T 
had the two Zeniths linked, 1 transferred 
a number of files from the old Zenith to 
the new one, including the CONFIG. 
SYS and AUTOEXEC.BAT that set 
QEMM-386 up properly. Now to reset 
the Z-386/25. 

No joy. It locked up, and I had to re¬ 
boot it With a floppy disk. 

Sigh. What now? 1 could only guess: I 
changed it from X = B800-C5FF to 
X = B800-C7FF, thus excluding that 
small area that QEMM had called 
“RAMmable.” Booted again. The ma¬ 
chine came up fine. Now to load DESQ¬ 
view using XDV.COM. Again, no joy. 
The machine locked tight and had to be 
booted with a floppy disk. 

This was getting annoying. DESQ¬ 
view loaded without XDV worked all 
right, but the maximum-size window 
was under 400K bytes, and that just isn't 
enough. Why would it blow up when I 
used XDV? I had no clue, but I did have a 
hunch. The Z-386/25 was running the 
Zenith Flat Technology Monitor (FTM) 
with a VGA board that read “Made in 
Hong Kong" but otherwise had no indi¬ 
cation of the manufacturer. Could this be 
the problem? 

Enter Tecmar 

I have had a Tecmar VGA video board 
around for a long time, but we couldn't 
get it to work. It wasn't the board's fault: 
when we tried to install it in Big Chee¬ 
tah, I was still using the Electrohome 19- 
inch monitor at my own workstation, 
and, at the time, that had a cable ending 
in a 9-pin plug: the Tecmar board wants 
to feed a 15-pin VGA connector. Then 
there was some other logistic problem, 
again not the Tecmar board's fault. 
“Time, and time enough,” 1 thought. 
“Test my hypothesis about what's mak¬ 
ing XDV.COM blow up the Z-386/25 
and give the Tecmar board a workout in 
the bargain.” 

Installing the Tecmar board was no 
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LightSpeed 9624E UghtFax 9624 
9600 baud modem superior fax/modem 


problem; the switch settings are ex¬ 
plained in the manual. The Z-386/25 
came right up. I thought the on-screen 
characters looked a little distorted, and 
in general I wasn't happy with the aes¬ 
thetics of the screen, but what the heck, 
maybe it needed some tw-eaking. First, 
though, the test. 

XDV.COM loaded. DESQview came 
up fine. The memory status utility told 
me I could make a window 550K bytes in 
size. 

Clearly my hypothesis was correct. It 
was the video board. 

Tweaking the Tecmar 

So that problem was solved, but I still had 
an ugly screen, it might not have been so 
noticeable on some other system, but on 
the Zenith FTM every flaw in the video 
stands out because the FTM is capable of 
really beautiful displays. Moreover, be¬ 
cause that monitor screen is truly flat, 
there is almost no glare from the screen 
itself. ThaCs the main reason I changed 
from the Electrohome monitor: my 
workstation is across the room from a 
large south-facing window, and in the af¬ 
ternoon the glare on the screen can be 
fierce unless I draw lightproof blinds. I 
don't wanr to draw blinds; south of me 
are undeveloped hills with coyotes and 
circling hawks, and I like the view out 
that window. With the Zenith FTM, I 
don’t have to give up hawk-watching to 
avoid glare. 

The Tecmar board is capable of sup¬ 
porting a whole bunch of monitors. You 
tell it which ones youTe using through 
software: a program called VGA.COM 
does the job. It can be run interactively, 
so I tried that. One of the program’s op¬ 
tions is to test the hardware: running this 
produced considerable garbage on the 
screen, making me suspect that the Tec¬ 
mar board and the FTM weren't commu¬ 
nicating properly. 

VGA.COM has a list of monitors the 
Tecmar board can support. One was 
‘"Zenith Analog," which seemed a rea¬ 
sonable choice but wasn't. The display 
was ftmch worse, fuzzy and unfocused. 
Another option was ""IBM PS/2.” For 
some reason I tried that—and it worked 
perfectly. 

1 now have the command line "VGA 
PS/2” in the Z-386/25's AUTOEXEC. 
BAT file, and it does the job something 
wonderful. The combination of the Tec¬ 
mar board and the Zenith FTM is about 
the nicest I have ever seen outside MIT's 
laboratories. It's truly lovely, and/oj'r to 
boot. 

Highly recommended. This thing is 

conimaed 



shipping JT.OO $799.00 

“ True 9600 bps modem, V.32, full 
duplex. 

“ 9600/4800/2400/1200/300 bps 

* MNP Class 5 error correction & data 
compression for data flow up to 
19.2 Kbps 

• Fully CCITT V.32/V.22bis/V.22, 

Bell 212A/103J compliant. 

' Auto speed detection 

® Extended AT command set 

® Non volatile memory storage 

“ Cable and software included (specify 
PC or MAC) 

° Synchronous and asynchronous 
modes 



shipping $7 Ofl $499.00 

^ 9600 baud fax compatible with all 
Group 3 fax machines 
“ 2400 baud modem 100% Hayes^" 
compatible. Switch from fax to modem 
with one command 
« Excellent picture quality, superior to 
standard fax 

® Fax directly from application or from 
flexible texl/graphics editor 
" Full status lights in fax or modem mode 
^ Compatible with all PCs and MACs 
® Powerful software for scheduled send¬ 
ing, broadcasting, file queuing etc. 

® Complete with fax and modem soft¬ 
ware and cable (specify PC or MAC) 


Never buy another ribbon 


with Macinker' 



over 100,000 sold 


® Universal Cartridge Macinker re- ^ ^ shippingso 

inks most cartridges with appropri¬ 
ate adapter. Universal Spool 
Macinker re-inks all spools 

^ Operation is very simple and auto¬ 
matic 

® Extra dark, lubricated ink yields 
better than new print quality 

® Ink's cooling and lubricating effect universal cartridge Macinker A A Rn 

extends printhead life shown with Epson cartridge ^OO - OU 

” Average cartridge can be re-inked Macinker. 

60-100 times at 5 cents/re-inking Multicolor Adapter (specny printer) .....40.00 

“ Multicolor Adapters for multiband 

cartridges (Rainbow, Imagewriter, Unlv^sal Spool Macinker.. 

EpsonrNECs, Okidata etc! “eat Transfer Adapter .25.00 

Extra Ink bottle, black ....3.00 pint. .18.50 

“ Dedicated Macinkers available for Colored ink boKie .........4.00 ex reservoir 5.00 

special cartridges and Band Print- delivered complete with bottle of mk. ink 

opcwidt L-raMtj merer, reservoir, reservoir cover. 

Go color 1! Single & muEticolor. standard and heat 
' j' ■_! I transfer cartridges available: red, green, blue, brown, 
Custorriers vary from individuals to purple, yeiiow, orange, white, silver and gold. Indelible 
Fortune 500 Corporations, report- and OCR ink cartridges available, 
ing documented savings of 

$30.000/year with Macinker _ Call for free catalog _ 

Satisfaction or 30 day refund - Immediate shipment - Major credit cards - POs from nationaJ accounts 

Computer Friends, Inc. Order Toll Free 1-800-547-3303 

14250 NW Science Park Dr. in Oregon (503)626-2291 

Portland OR 97229 fax (503)643-5379 telex 4949559 CF 
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gorgeous. You ought to see what it can do 
with VGA Paint from RTX SoftWorks. 

A General Ledger 

The shareware of the month is PC Gen¬ 
eral Ledger from Charter Software, 
which does in fact produce a pretty stan¬ 
dard general ledger bookkeeping system. 
TCs menu-driven and very easy to use. I 
still prefer the system I wrote, but then 
Fm used to mine. Fll say this, if Fd had 
this program, I might not have written 


the one that I now use. 

Starting this month, the shareware of 
the month can be found in the “listings” 
area of the tojerry conference on BIX. 
Download it and try it. 

Gadgets 

Gadget lover that I am, I have decided to 
have a gadget of the month, which this 
month goes to the Dali Design PT-L2 
pocket tester. This is a tiny thing that you 
plug into your auto engine’s test outlet 


and read off all kinds of diagnostics. It 
works on Ford EEC IV systems from 
1984 and later, which includes my 1987 
Bronco II (which, incidentally, 1 love; 
best four-wheel drive vehicle I ever had, 
and that includes the International Scout 
1 drove for 15 years). 

For another $20, they’ll send you a 
book on repair procedures, trouble 
codes, and so on. If the electronics in 
your Ford bewilder you, this is the thing 
to have; my mechanic loves it. 

Winding Down 

There’s a huge pile of stuff here. We have 
Palindrome, a tape backup unit that’s so 
versatile Fm stunned; it will be the main¬ 
stay of our new network system here. 

We have new USRobotics 19,200-bps 
modems. These include the MNP (ARQ) 
error-correction protocols used by MCI 
Mail, BIX direct (alas, not Tymnet), 
GE’s GEnie, and a number of other tele¬ 
communications systems. More on this 
next month—but if you do much telecom¬ 
munications, get the latest MNP modem 
and forget about line-noise problems. 
The improvement in throughput is amaz¬ 
ing. I love these things. We’ve discarded 
all modems but USRobotics models. 

The game of the month is Sword of Ar¬ 
agon from Strategic Simulations. This is 
a medieval warfare game with some fan¬ 
tasy role-playing elements, but mostly 
it's strategy in the age of bows and 
swords. The only way to win is to develop 
and deploy combined-arms armies, I 
cannot remember when i have more en¬ 
joyed a computer war game. 

The book of the month is Mazes: Sixty- 
Four Essays by Hugh Kenner (North 
Point Press, 1989), who happens to be 
BYTE’s book reviewer and one amusing 
writer. There's not a bad es.say in the 
bunch. Try it, you'll like it. 

There's a lot more, but I’m out of 
space, and besides, my army is assem¬ 
bled outside Garnok, the high mounlain 
pass fortress of the ores, and Fve got to 
put my heavy cavalry in the right place to 
deliver the decisive charge_■ 


Jerry Pournelle holds a doctorate in psy¬ 
chology and is a science fiction writer 
who also earns a comfortable living writ¬ 
ing about computers present and future. 
Jerry welcomes readers’ comments and 
opinions^ Send a self-addressed, stamped 
envelope to Jerry Pournelle, c/o BYTE, 
One Phoenix Mill Lane^ Peterborough y 
NH 0345S. Please put your address on 
the letter as well as on the envelope. Due 
to the high volume of letters, Jerry cannot 
guarantee a personal reply. You can also 
contact him on BIX as *']erryp. ” 


Now^ Available PS/2 Version SI 19 


Finally, A Trackball 
for your PC 

Two High Performance Mouse Alternatives 



Attention PC users, inirotludns two pro- 
diicLs that have been quietty appearing an 
desks of Ihousancb of PC users for over a 
year: MiCToSpofd's PC-TkAC^ and Fast 
TRAP"’' trackballs. 

♦ Lises 'iA the desk space of a mouse 
Five up your desk space to do what It wa.s 
designed to do — hold your coffee cup and 
sticks of [ncommg work 

• Plug and play com pall hi I ity 
MicroSpeed’s advanced prHnimg dbict driver 
is Fulty compatible with application software 
suppc^rling Microsoft™, Logitech™, and 
other jK>pidar mice. Also included is a Win¬ 
dows™ driver and a utility for use with 
non mouse driven software. 


• PCTRAC and FasiTRAP work 
where you put them 
No more ' mw. row. row the 
mouse" wlien you run out of 
de.sk space before you run out 
of screen. Scroll across 
spreadsheets with finger tip MICROSPEED 

INCORPORATED 


control. Page up atid down dwimcnts 
without so much as moving your wrist. 
Cotitni] (lAU programs to a single pixel, All 
in a space less ttmn 4 Va " wide 

• Pinpoint accuracy auiomaticaily 
MicnjSpeed's pointing device driver has "seif 
adjusting" resolution from W to l,fJOOdpi. 
Speeding acn>ss the screen or working with 
precision graphics, the MirroSpeed driver 
auiomaticaily adju.sLs to the n^nlution you 
need 

• PC-TRAC and FasiTRAP require no 
clean ing 

Our quiet, durable opto-mechanical design 
requires no cleaning or maintenance 

Looking for a proven mouses alternative for 
your PC? Give us a call. We're rolllngl 

1 - 800 - 232-7888 



[n California call (415) 490-1403 
FAX (415)490-1665 

ttkODSpCHl, tlC'TlAC. fiurTlA? iUl TtKiAhri 
‘of ta: 


LnglEli If I n 


Midtnffl fjjEyoMUiXL 
IndEmvl: [f ht 
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‘^roxthis memo.” 
‘l^edExthis proposal” 
“L^Linkthese files.” 




Wlien something becomes a standard, 
using it becomes second nature. That’s true 
about LapLink. It’s so effective tliat it has 
become the most popular 
laptop-to-desktop and 
desktop-to-desktop fiie 
transfer program ever. 

And now Release ill 
improves on the origuial 
with added power— 
wlule preserving tlie 
simple design that has 
made LapLink the 
choice of more major 
corporations, 

LapLink 111 offers 
both serial and pai’allel Gle 
transfer, and you can take 
advantage of parallel transfer 
speeds of500,000 baud or higher. 

It comes witii a “six headed” miiversal cable 
that provides you with everything you need 
to use botli serial and paraUel modes. 


And LapLink Dl wiU even instaU itself 
automatically on a remote computer. 

That’s in addition to ease-of-use and 
productivity features like our popular split 
screen design, flexible transfer options, 
and disk and printer sharing. 

For tire same fast, error- 
free file transfers between 
PCs and Macintoshes, get 
LapLink Mac. And for 
more information about 
any Traveling Software 
product, call us at 
(800)662-2652. 

LapLink III. The 
standard in file transfer 
software. 


Suggrsicd OHall PrKv 


$149i»5 


L 4 PLMin 


Traveling Software, Inc* 

18702 Morth Creek Parkway, Bothell, WA 90011 
{206} 4a3-B06a 


Traveling Software Europe 


Lurd^ Court, St Leonards Road, Windsor 
Berks, SL 4 3 DB, England 
(44) 0733 851B53 


LapLink ii a r^if. traiieniark of Tnwc^ling 5<triwarr, Inr., X^mn ii a iraLkmark of XenjK CarporaEiafl, tltdEj;: & reg. Efademark of federal Enpim Corporaiian 6 Trawling Ine. All kigtui Unej-wd 
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Virtually anything. Logos or photos. Digits or 
dingbats. Art or articles. A soda can. How can 
you get them into your PC? You could play cut 
and paste with the copier down the hall. Or 
use your own. do-it-in-a-flash, hand-held 
scanner. Scan Man. 


Images. Select 1,2,3. or400 d.p.i., then pop 
any image up to 4" x 14"into a file for your 
publishing program. Or into your Windows" 
clipboard. Or use PaintShow Plus"—included 
with your ScanMan—for editing and coloring. 


TextOur Catchword"software converts 
virtually any typeface into ASCII files for your 
word processor, desktop publisher, or spread¬ 
sheet It reads horizontally or vertically, scans 
words or numbers from 6 to 20 point and 
matches adjacently scanned columns perfectly. 


Should you buy it? Once you’ve got it you’ll 
wonder what you did without it And its only 
$539f Backed by our Customer Satisfaction 
Guarantee, and 7 Days-a-WeekSupport 


For information, call: 800 - 231-7717 

In California: 

800-552-8885 
In Europe: ++4I 
-21-869-96-56 


lOGiTEGH 


*For IBM PC and compatibles: includes PaintShow Pius List price for the IBM 
Micro<hannef version is S599. Catchword is an optional extra for $199 
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The new Di^CHANNEL sdes 

out-pofonns all other leading 
muM-useroranunicatiQns boards. 


Raw I nput (tg.Z kb & 38.4 kb Processing) 
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/?aw /npul' ftiman/y i/a/G received via hosl-to-fiost 
commmications. ihe higher the better 


Raw Output (3S.4 KB Processing) 
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RmJ Oiitpat: f^essed data /rom fmt appikaiions to temmai 
users (spreadsheet, word processing, etc,) The higher the better. 



Raw Input Raw Outpul 


H Anvil ApiiBt ■ Compiitona H Specialix | DiglbDiiPil 

Pmc&m Overhead: PsKentage ofkta CPU tone utihz&i for 
IfO proces^ ftisfe The ioim Ifie better. 

The new DigiCHANNEL 
series of multi-user commu¬ 
nications boards sets the new performance standard for 
tenninal response time, especially under heavy user-load 
conditions. The key to this performance is the qnergy 
between our hardware and our new Front End Processing 
real-time Operating System (FEP 0/S) software. 

The proof is in the numbers, and a good example 
is the DigiCHANNEL PC/16i. In benchmark tests, it bkts 
every other leading board in the two critical areas that 
determine board performance; data throughput 
processor overhead 

Data throughput is calculated by measuring the 
total amount of data that a board can handle per port 
and per system. The higher the data throughput, the 
faster the response time for each user on the system. 

f)ocessor overhead is the amount of additional 


processing imposed on the CPU to handle the data 
input/output being controlled by the communications 
board. The less time the CPU ne^s to spend on I/O 
chores, the more time it can spend processing 
applications for terminal users. 

Call for our FREE technical white paper with all 
the details on our benchmark testing. While you’re at it, 
ask for our FREE booklet, Hm) to Do MultuUserR^ht 

No matter how simple or complex your 
multi-user systems, you can bust DigiBoard^^^^^ 
to put you at the head of the pack. And ^|||^^| 
keep you there. 


Digii 

w 1 




F\jggtfTg you ifTtatoniQfK)* 

6751 Oxford Street • St. Louis IVk, MN 55426 
1 - 800 - 344-4273 • In Minnesota (612) 922-8055 
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If Unix is multiuser, 
why would you want 
a Unix LAN? 


A S new and faster processors 
reach the computer industry, 
more powerful computers be¬ 
come accessible to end users. 
This is a familiar refrain in magazine ar¬ 
ticles about personal computers. It's even 
more applicable to Unix workstations, 
where new technology is dramatically 
dropping prices to personal computer 
levels. You might be thinking about add¬ 
ing an Ethernet port to your microcom¬ 
puter. . .or even running out and buying 
a workstation! Now is the time to talk 
about networks and workstations. 

What’s a Workstation? 

Almost anything with more CPU power 
than a toaster is being called a worksta¬ 
tion these days. But my idea of a worksta¬ 
tion is a computer with a high-resolution 
graphics display running a multitasking 
operating system and window manage¬ 
ment software, specifically designed to 
operate on a network. Any workstation 
worthy of the name would also have an 
Ethernet port and a mouse. 

This definition rules out a PC with an 
Ethernet card—it’s just a PC with the 
ability to use a network. The Macintosh 
comes a little bit closer, but it's really 
been designed to be a stand-alone ma¬ 
chine. A high-resolution terminal de¬ 
signed around an Ethernet connection 
doesn't qualify—it's not a computer. 
Some Macs and PCs have been specially 
configured to use a network. If they have 
high-resolution screens and multitasking 
window managers, then they could actu¬ 
ally be workstations by rr^ definition. 

The key to having workstations is sim¬ 
ilar to that of eating potato chips: No¬ 
body has just one. A single diskless 
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workstation is useless without a file 
server (basically just a computer with a 
lot of disk space). File servers are too ex¬ 
pensive to dedicate to a single worksta¬ 
tion. But add just one more diskless 
workstation to your first node and 
server, and you have a network. The cost 
of adding workstations is relatively low, 
considering the amount of additional 
computing power they give you. 

How They Wcjrk 

A network of workstations is comparable 
to a multiuser computer system. In the 
old-style ‘‘timesharing” setting, you 
bought a computer with a multiuser oper¬ 
ating system, such as Unix, and con¬ 
nected dumb terminals to it, using serial 
connections at perhaps 9600 bps (rough¬ 
ly 1000 bytes per second). 

On a workstation network, the central 
computer (or file server) generally also 
runs Unix, but it tends to have more disk 
storage than the usual departmental com¬ 
puter. The workstations, instead of being 


simple terminals, are computers running 
Unix themselves. Typically, they con¬ 
nect to the server through Ethernet. They 
communicate at 10 megabits per second 
(roughly 1 megabyte per second) using 
TCP/IP protocols. TCP/IP is the de facto 
industry standard for Unix networking, 
but it is also the basis for networks on 
other operating systems (see “The Glue 
for Internetworking” in the LAN Sup¬ 
plement, September BYTE). 

How can a diskless workstation boot 
up Unix without a disk? The basic start¬ 
up software is in ROM. When the work¬ 
station is powered up, the ROM-based 
software identifies itself to the file server 
and requests a file transfer (of the Unix 
kernel) to its local RAM storage. From 
then on, you're working with the net¬ 
work, running Unix locally and transfer¬ 
ring files transparently as needed—at 
speeds higher than those of typical PC 
hard disk drives. And since each work¬ 
station on a network is itself a computer, 

cominued 


ILLUSTRATION: DAN REED © 1989 


DECEMBER 1989 'BYTE 123 











Circle 294 on Reader Service C^ard 


THE UNIX /bin 



(«»' S* 

1,^_ % 


SHIB/ 


'^ukO*- ..I 

in'®. 





Network Your PCs 
Using Standard Telephone 
Connectors and Cables! 


You get instant access to all your programs, 
files and printers on all your PCs. Each PC 
can process multiple jobs simultaneously 
using NET-127 PC Network. 

• Allows Sharing of Hard Disks, Printers, Plotters, Tape 
Back-ups, etc, 

• Supports Spreadsheets, Word Processing, CAD/CAM 
& More 

• Nothing New to Learn 

• Up and Running in 15-30 Minutes 

• 4000 with Telephone Cable & RJ11 Jacks 

• Only 4-32K RAM, Connects up to 127 PCs 

• No Need to Reformat Existing Hard Disks 

• No File Server Required 

• 30 Day Money-Back Guarantee 


For FREE Info 
Call 800-533-0738 


28 Blacksmith Drive 

Trans-M Corp, Medfieia, ma 02052 


running a compute-bound task on one 
node won’t slow the others down* 

Not Your Ordinary PC 

The bare minimum workstation, then, is 
entirely diskless* The most inexpensive 
one I am aware of is the Sony NWS-711. 
It is based on a Motorola 6S020 CPU and 
a 68881 FPU, both running at 16.67 
MHz, for a claimed 2.3-million-instruc- 
tion-per-second processing power* It has 
4 megabytes of memory and a 15-inch 
monochrome monitor with 816-by 1024- 
pixel resolution (it’s a ’^portrait mode” 
monitor; the screen is configured like a 
vertical sheet of paper)* The 711 lists for 
just $3700, which includes Unix as well 
as C, Pascal, and FORTRAN compilers. 
Apart from being a diskless worksta¬ 
tion, the 711 can also be used as an X 
Window terminal* In fact, since it has no 
disk, it looks like a graphics terminal, 
but, of course, it is much more powerful. 
(For more information, contact Sony Mi¬ 
crosystems Co*, 1049 El well Court, Palo 
Alto, CA 94303, (415) 965-4492.) 

In compute-happy environments, such 
as semiconductor design, you might see a 
dataiess workstation. It has its own disk 
drive—up to 180 megabytes—but, since 
so much system software and swap space 
is needed on the disk, all applications 
and user files reside on the server* The 
local disk drive merely keeps the system 
going by keeping memory paging local. 

X Marks the Spot 

Ethernet and TCP/IP are the low-level 
links common to most Unix networks, 
and the X Window System is the common 
base for user and application programs, 
X Window (as it is almost universally 
called) was developed at MIT with assis¬ 
tance and support from Digital Equip¬ 
ment Corp* (DEC) and IBM. It’s not 
public domain code, but it is publicly 
available and free for the asking* 

Because TCP/IP is a set of network 
protocols that are transparent to the oper¬ 
ating system, X Window is a network- 
transparent windowing system. This has 
several meanings, all of them good. X 
Window is not tied to any given network 
protocols, so it is just as happy running 
on DECnet as it is on TCP/IP, T^is means 
you can run applications on any machine 
on your network and control them all 
from individual windows on your termi¬ 
nal. Note that I said '"machines,” not 
"'Unix machines*” They don’t all have to 
be made by the same manufacturer, or 
even have to be running the same operat¬ 
ing system. They just have to be in your 
network and running X Window. 

continued 
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When we started selling MKS prod¬ 
ucts in 1986, the Tax Collectors were 
among the first to notice* They assessed 
our promise to bring the power and 
flexibility of a UNIX environment to the 
DOS desktop* 

And then they came to calk 
We "re happy to report that the Tax 
People* quickly decided that MKS 
products were the perfect way to train 
users on UNIX operating systems using 
the PCs everyone wtis already familiar 
with. And the perfect way to speed 
development of new programs and 
procedures. 

Get the new - but don't give up the old 

The MKS Programming 
Platform gives programmers the 
best of both worlds - virtually 
unrestricted access to the power and 
flexibility of UNIX operating 
systems^ and full DOS or OS/2 
capabilities. With MKS your 
PC becomes a powerful and 
productive UNIX worksta¬ 
tion, whenever you need it. 

The Platform includes 
four proven members of the 
MKS family of software: 

MKS Toolkit, LEX & YACC, 

RCS, and Make. 

The heart of the Platform is 
the MKS TooikiL It provides a 
complete set of utility pro¬ 
grams and over 150 com¬ 
mands compatible with UNIX 
System V.3* It also includes the MKS 
Kom Shell, a command interprctor, 
MKS Vi editor, and the MKS 
AWK programming lan¬ 
guage. 

MKS LEX & 

YACC, which work together as a 


highly efficient program generator, 
simplifing the creation of languages and 
compilers for DOS and OS/2. The set is 
completed y/\ih MKS RCS (Revision 
Control System), which gives total 
control of text file revisions, and MKS 
Make, which provides an efficient way to 
automate the production and maintenance 
of any size project. 

All together they are the most eflV 
cient, most productive, and friendliest 
way to cross the bridge between DOS or 
OS/2, and UNIX. 


Keyoitd multiple platform suf^ort 

The Programming Platform performs 
on standard PC networks like Novell 
NetWare and PC NFS with the illusion of 
a complete UNIX timesharing system. 
This means you can hook your PC to PC 
NFS, allowing it to be used as a UNIX 
workstation. 

MKS is an active panicipani on the 
POSIX standards committee, and we 
track the shell and utilities standard to the 
fullest extent. We take cajie to build the 
underlying POSIX kernel functionality on 
DOS and OS/2 into MKS software before 
moving utilities. That's why the Platform 
gives you iOO% UNIX and POSIX 
compatibility, with no surprises. 

Iml training tiKHs 
Fast, painless training is another 
^ vbenefil of the Programming Plaifomi. 

can ase their familiar PC 
keyboards while moving effortlessly 
to UNIX on the desktop, and 
exposure to new commands and 
functionality becomes part of 
the novice's working day. 

Ilte Taxman ados It up 
When you stack up all the 
advantages of the Programming 
Platform - access to powerful 
development tools, time-saving 
managetneni functions, full porta- 
easy training, and our 
unswerving dedication to the 

standard - iPs no wonder that 
the people with the toughest jobs to do, 
like the Taxman, turn to MKS. 

To learn more about The Programming 
Platfonn and other MKS produc¬ 
tivity and development tools, 

' call us today. Maybe we 
can make your job a little 
less taxing. 


30 doy money-back guaranfee 

MKS Programming Platfonn prices ore: 

005 $665 

OS /2 $1225 

In CnnKntntal USA calk l-flOO- 265’2797 
QuKide Contarwntal USA call: 1 ^ 519 -BS 4-2251 
Fbx: 1%51 9 834-8861 


Authorized MKS Dealers: 

BaJgium 2 - 736-6064 

England 364-53499 or 

1 - 633-1022 or 
0763-73455 
Netheriords 20 - 14 - 24-63 

West German/ 55 T - 792488 or 

061-214908 or 
721 886 664 


not aHDMvad ta uss Iheir olfeial name. 8iit ^ Itnow who wi maan. 

MK^ 'm a trademark al Monice Kem S-^lsins Inc. Other traftemarhs havfi been clleo arid MKS aOtnawfedges Uhifii, 


Head Office: 

35 King Street North 
Waterloo^ Ontario 
Canada, N 2 J 2 W 9 


More Power tolfou 
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venturcom i real tune unia pvoam 
femily has the only real time kernel for 
stanoard hardware platforms which is 
AT&CTs LINIX System V. Not a simple 
UNIX clone. Not just UNIX on top of a 
real time executive. 

Real UNIX provides designers 
with 5VliJ and POSIX standards, RPS 
and NFS, X-windows, Streams, complete 
development tools, multiple IX)S under 
UNIX tasb. And early access to future 
technologies. 

Real time adds performance 
and functionality to UNIX with preemp¬ 
tive and biased scheduling, conti^ous file 
system, average intemipt latency of 50 )is, 
bouiKled contect switches, memory lock¬ 
ing, asynchronous I/Q and much more. 

Ask us about VENIX™ for 
80286/80586 PCs and Single Board Com¬ 
puters; RDC" for other UNIX versions, 
such as Interactive System's 386/ix“ 
and small, diskless, and ROMable 
UNIX kernels. Find out why Foxboroi 


Toshiba, GE, and many others are using 
Ventur&m's real time UNIX products. 



VenturCom 

Real Time/Real Unix 


215 First Street 
Cambridge, MA 02142 
(617)6614230 
Nippon V^tuiCom, Inc. 

Tokyo 102 Japan 03-234^381 

UNIX h a regutered trademark at ATStT 
3a^bc ii a tndenuirk of Interactive Svviem* Corp- 
VENIX, RTXare trademarks of %^nnirCDm» InL 
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X Window is pretty much hardware- 
independent at the user's graphical- 
display end. This means that if you’re 
running an application on a vertical- 
screen monochrome display this week, 
you can run it on a horizontal-screen 24- 
bit color workstation next week with no 
problems. What all this means is that 
companies can now design their comput¬ 
ing environments around their users’ 
needs, not around the current offerings 
of a particular manufacturer. The phrase 
“heterogeneous network” is usually 
used here by industry reporters, al¬ 
though it sounds too clinical for my taste. 

Getting GUI 

Although many people are happy to run 
xtem, the X Window Unix-compatible 
terminal emulator, X Window is not 
really a graphical user interface. It does 
make a terrific basis for one, however, 
and any GUI written to run on X Window 
will be highly portable as a result. This is 
the theory behind the current industry 
struggle between Open Look (a GUI pro¬ 
moted by Sun, AT&T, and Unix Interna¬ 
tional [UI]) and Motif (promoted by the 
Open Software Foundation pSF]). Both 
of these will be available widely and in¬ 
expensively, to the ultimate benefit of 
users. Of course, every layer of software 
that you add increases not only your pro¬ 
ductivity but also your system’s com¬ 
plexity and its need for additional disk 
space and CPU power. But then, that's 
part of the game: If you want to work 
with the state of the art, you’re going to 
have to pay for it. 

If you don’t want to get caught between 
OSF and Ul, you might want to look into 
X.Desktop, a Macintosh-like, icon- 
based X Window user interface from IXI 
Ltd. of Cambridge, England (see the text 
box “Managing the X Window Desk¬ 
top,” January BYTE, page 356). 
X.Desktop is an intuitive interface that 
lets you bypass many typical Unix system 
commands; it will support both Motif 
and Open Look styles in the future. It 
can be obtained in the U.S. from Uni¬ 
press Software (Edison, NJ). X.Desktop 
has been adopted by companies such as 
Locus Computing, Motorola, NCR, Uni- 
plex, and The Santa Cruz Operation 
(which is including X. Desktop as pan of 
its Open Desktop product). 

In fact, if you really get hooked on X 
Window and don’t have a network, you 
can still run X Window applications on a 
single machine. The system simply uses 
Unix interprocess communications in¬ 
stead of network protocols—more proof 
that programmers are truly happiest 
when they’re talking to themselves. 


You Also Need Files 

So you have portable industry-standard 
protocols, windowing, and user inter¬ 
faces. What’s left? How about a way of 
hooking networked machines together so 
that you can not only transfer files, but 
mount an entire file system from a re¬ 
mote machine onto your local worksta¬ 
tion and access it transparently? That’s 
the Network File System, developed at 
Sun Microsystems in 1984 (not at Berke¬ 
ley, as I mistakenly wrote in BYTE in 
May). NFS generally uses UDP/IP, a 
faster (but technically less reliable) set of 
protocols than TCP/IP. 

NFS, like X Window, is portable and 
publicly available, as well as user- and 
protocol-transparent. By now, you can 
guess what’s coming: “These factors 
have led to its becoming an industry stan¬ 
dard.” And, as a standard, NFS is an¬ 
other piece of software that is found on 
almost every Unix network. Since users 
no longer have to worry about where their 
files reside, it’s only the administrators 
who have headaches. (Just keeping track 
of user log-ins and machines on a net¬ 
work can be a major task.) 

The real beauty of NFS is that it is not 
tied irrevocably to Unix, In fact, ma¬ 
chines running MS-DOS, VMS, and 
IBM VM have all been placed happily in 
NFS networks, as with X Window. Get¬ 
ting these disparate systems to share files 
transparently is a magic trick, indeed. 
By comparison, LANs that work only 
with DOS machines and nothing else 
don’t seem very sophisticated at all. 

Since the Unix kernel itself is just an¬ 
other file, there’s no reason why a disk¬ 
less Sun workstation couldn’t boot up by 
requesting its kernel file from a DEC 
server. And, in fact, this kind of thing 
happens every day. This shows the essen¬ 
tial nature of today’s networks: They 
stand apart from any quibbling over 
“small” details like machine architec¬ 
ture, byte ordering, the operating sys¬ 
tem, or even the network protocols them¬ 
selves. A properly designed industry- 
standard network will simply accept any 
and all of these, so that users can have 
their favorite hardware as well as their 
favorite software. After all, making 
users happy is the name of the game! ■ 


David Fiedler is publisher of the Unix 
Video Quarterly and the journal Root, 
and is coauthor of the book Unix System 
Administration. He can be reached on 
BIXas Jiedler. ” 

Your questions and comments are wel¬ 
come. Write to: Editor^ BYTE, One 
Phoenix Mill Lane, Peterborough, NH 
0S458. 
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UH Series-4000 


IJjses lJie Jnte] Pi-ncessiH- 

1&. l6MKz:CPU. IMh Base RAM. 
eit^paiklable to 15Mb. 

20; 2UMHeCPLI, 2Mb Base RAM. 
e.)<p6uvclable lo 2jlMb. 

Model 25; 25MH/ CPU. 4Mb Rase RAM, 
CTtpandable to 64Mb. Cache RAM. 

Weiteck J157 Sockcl suppturi. 

Model M] 33MH/ CPU. 4Mb Base RAM. 
CiipaiulnNe to 64Mb. Cache RAM.Weiicek 
3167 Socket Support. 

Features for all mndels: High speed EISDI 
HP/FDContrulleir, High Qiirtlity TowerCase, 
Genuine TurtMJcaol* Power Supply, 8C3S7 
suppou. high tactile response key- 

bfxa^. Choice of 1.2 5.25“ or 1.44 
floppy drive. Fully ciioipuiible with DOS, 
IBM-ii OS/2, but parted for XENIX/UNIX 


OUAl. Processor (RlSC/ClSC) 

Uses both Intel H04l(6and Intel miMMI 
25 mu Intel l«Mll6-rPU* 

25 Mtli Intel HOKfiO RISC Processor 
Socket for Wctlck 4167. Up to 64 MBytes 
0f64-bii RAM Mother Board memoTy. 
shared between i4K6 aitd iS60 processars. 
Maximum memory on 64-bit. 182 pin 
PS/2 style conncclof expansion in 4 
Gigabytes. Socket for optional 2nd level, 
I2SK ^atic RAM Cache, 

High Speed ESDI HD/FO Controller, 
Extremely High Quality. Sleek 
TowerCasc. 2 Turbocool Power suf^lk^L. 
Alarm, Fully compatible with DOS, 

IBM's OS/2, Novell Nctwaie, but 
perfected for XENlX/UNlX, Please call 
for more infotmation. Thank you. 


Please Call Us ai UNIXHOUSE, Inc. fur all uf yuur UNIX/XENIX 
needs. We rnanufaciure the Highest Quality S03S6,Kt>486/K0860 
Computers, and stock a complete supply of UNIX/XENIX Software. 
(512) 385 12(M) Fax (512) 385-1339 
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wc are able lo offer high-speed tjita lily systems 
for the heiil possible price. We purchase software 
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you. At UNIXHOUSE, our motto is. “Oitr 
customers never pay list^ 
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293.0U 

221 25 

595.00 

446.25 


UINtX isiiicEislcred lniilcmarf(.orA'r&Tin Ihc U.S.A. andCChcifTcrniK C.O.D. Cushien Cheset. VISA/MC. 
ccHinrica, XENIX ii ji re^isiccred imdcnuirk of Mkfivuisfi Corpojochcr(catl).P.OFwn C>ia|iti«tCskpwwiciris., 
rnltnn, SCO und Ihc lo^ me IrDihrmjcti.'S uf The SunUi Crud^ riiuincing to Quatificdi CcMponitions 

OperartLon. TllC. Lk q irjideourk of SbT CorpM.-wjit 30 ft | and indtvkJuals. PlricCk 1 ob|«:i WJ change- 


UNIX® • UNIXHOUSE 


TM 


• UNIX® * UNIXHOUSE™ 

Ciricle 342 on Rmder Service Card (DEALMRS: 342} 


UNIX® • UNIXHOUSE 


TM 


UNIX® • UNIXHOUSE™ • UNIX® • UNIXHOUSE™ • UNIX® • UNIXHOUSE™- UNIX® • UNIXHOUSE 






















































































































































































































DSC NEXOS386 LAN BEATS NETWARE' 


NEXOS is the clear winner! 
NEXOS 386 beat NetWare® in oper¬ 
ating system benchmark tests per¬ 
formed and guaranteed by the 
Lanquest Group, an independent test 
lab for the LAN industry. The results 
reveal the truth about NEXOS' supe¬ 
rior performance over NetWare. In 
fact, NEXOS proves to be as much as 
SIX TIMES FASTER THAN NetWare. 


Fast! 


In real-world, user traffic envi¬ 
ronments on industry standard hard¬ 
ware using well accepted, multi-user 
applications for database, spread¬ 
sheet and word processing, NEXOS 
beat NetWare in performance 
with an advantage of as much as 
637%, You'll work faster and expand 
your LAN with confidence when you 
choose DSC NEXOS 386. 



NEXOS’ fastt reliahte and c&nstsienl perfor¬ 
mance is cieariy shown a Compaq 386/25 
server and 12 IBM PS/2 workstations running 
the Lanquest Group's MS-Wot%i bencbmark. 


Secure! 


ILs important to protect fast mew¬ 
ing data from corruption, NEXOS 
features a complete data integrity 
and protection system so powerful 
that your data is protected even if 
your power fails —without the 
expense of a mirrored system or 
VPS. NEXOS always writes complet¬ 
ed transactions to disk. If hardware 
problems occur during a transac¬ 
tion—your data will remain intact. 
Just restart the transaction with the 
original—unchanged data. NEXOS is 
prepared with a continuous audit 
trail of entries and updates recorded 
in real-time by NEXOS' tape transac- 

b A rEgisterpd [radcmailL d[ Novell. Int. 



tion logging to the server's tape 
drive. With NEXOS your critical data 
is safe! 




NEXOS gives you the flexibility, 
power and connectivity of I0W6 DOS 
and NETBIOS application compaii- 
bitity. Run all the applications your 
users demand and have acces.s to 
UNIX, SNA hosts and the public net¬ 
work. 

With all tills power it's likely you'll 
want to put lots of data on-line, 
NEXOS' large-drive support pro¬ 
vides access to virtually unluniied disk 
storage. 

The unique disk handler makes 
multiple hard drives appear as one, 
pnwiding cc^ntigu- 
ous file space 
across multiple 
drives. 

Connecting to 
your existing 
workstations is a 
breeze, NEXOS 
supports more 
than 30 worksta¬ 
tion interface 
cards for PC, XT, 

AT and PS/2 
workstations and 



NEXOS' power has been har¬ 
nessed with an easy to use menu 
system that will have the system's 
administrator and users up and run¬ 
ning in minutes. Simple instruc¬ 
tions, familiar, DOS-like commands 
and DSC technical support means 
your NEXOS LAN system will work - 
for you — for the users — and for 
your company. 

NEXOS 386 is another quality 
networking product from DSC, a 
$340 miUian leader in advanced 
communications. From your desk¬ 
top to around the world, DSC is 
delivering the quality networking 
solutions you demand! 

To team more 
about NEXOS or 
to become an 
authorized DSC 
dealer call now. 
Be suie to ask for 
a FREE copy of 
the full series of 
benchmark 
results! 

ISm-BUY-NEXOS 
l-m-289-6396 
Fax, 408^954^5158 


your choice of 
topologies: Ethernet^ ARCnet and 
Token Ring support is standard 
with every NEXOS lANl 

Circle 112 on Reader Service Card 


The DSC NEXOS 386 LAN Operating System 



DSC Communications 
Corporation 



























EXPERT ADVICE 


DOWN TO BUSINESS ■ Wayne Rash Jr. 


A Helhng Hand 



A new workstation lets 
physically challenged 
people take their 
place in the high-tech 
workplace 


W hen small computers first 
came on the market 15 years 
ago, they looked like a real 
boon for handicapped peo¬ 
ple. Combine machine intelligence, 
voice control, and a robotic arm, and 
you've got a way to give disabled people 
enhanced independence and a greater op¬ 
portunity to be productive. Handicapped 
people weren't the only expected benefi¬ 
ciaries of such a system, either. Faced 
with skilled-labor shortages and federal 
legislation requiring equal opportunity 
for the physically challenged, businesses 
all over the country have been looking 
for ways to put physically disabled people 
in front of computers. 

But the reality has been a long time 
coming. The problem is that most of the 
solutions, including speech-recognition 
systems and robotic arms, are stand¬ 
alone peripherals. You have to do your 
own system integration, and most busi¬ 
nesses don't have the time or the person¬ 
nel for that. What the industry needed 
was a prepackaged, integrated solution 
that would work well, satisfy require¬ 
ments, and meet the needs of both the 
employee and the business. 

The fact that handicapped people have 
been bypassed has become a significant 
problem for many businesses. There are 
two reasons for this. First, in many areas 
of significant technological growth, 
there is also an equally significant labor 
shortage. Second, the federal govern¬ 
ment has mandated that facilities must be 
provided to give handicapped employees 
a fair chance at doing work. 


Employing the handicapped is not 
much of a problem in some businesses. 
But in others, hiring people with certain 
handicaps presents a serious problem. To 
be productive using computers, for ex¬ 
ample, you have to be able to type. The 
problem ts that many physically handi¬ 
capped people have limited use of their 
hands and arms; otherwise, they are per¬ 
fectly capable of performing work. They 
just need a way to perform it. 

Now Zenith Data Systems, through its 
Heath subsidiary, and Prab Robotics, 
through its Prab Command subsidiary, 
have delivered a workable solution at a 
reasonable price. It allows the user to 
perform any required function on a per¬ 
sonal computer through the use of voice 
commands alone. 

Included in the Prab Voice Command I 
package are a Zenith Z-286 LP computer 
and Zenith's FTM flat-tension monitor, 
a voice-control keyboard designed by 
Prab, a robotic arm (also designed by 
Prab), a Hewlett-Packard LaserJet U 


printer, a telephone system, and a spe¬ 
cially designed work area. It retails for 
$49,500. 

The robotic arm looks like an indus¬ 
trial robot, but it is specifically designed 
for this application and incorporates a 
number of safety features to ensure that a 
user would never be hurt by it. The arm 
can move objects near the desk and han¬ 
dle paper from the printer. It can even re¬ 
move a soda from a refrigerator. 

The voice command system is the star 
of the workstation, though. I sat next to 
Jan Ziff of the British Broadcasting Cor¬ 
poration in the Alexandria, Virginia, 
Heath/Zenith store and watched while 
she issued orders to the computer in her 
best BBC broadcaster’s voice. A square 
on the screen followed her commands. 
“Up, down, left, right, stop,” she said. 
The square on the screen went up, down, 
left, right, and stopped. “Exit,*’ she 
said. A menu returned to the screen. 

A few minutes later, I gave the same 

continued 


ILLUSTRATION: PAUL FISCH © 1989 


DECEMBER 1989 -BYTE 129 






















DOWN TO BUSINESS 


commands in a mixture of Russian and 
Spanish, both tinged with a faint hint of 
Virginia. The square on the screen fol¬ 
lowed my every order. Then Jan’s orders 
turned to controlling applications on the 
screen, and finally running the robotic 
arm. The computer performed without a 
hitch. 

The Sum of Its Parts 

The Heath/Zenith-Prab collaboration 
succeeds where other systems have failed 
because of the attention that both compa¬ 
nies pay to details when it comes to inte¬ 
gration, It’s clear from the results that a 
considerable amount of testing has gone 
into the design and assembly of this prod¬ 
uct. In short, it works well, even for 
users unfamiliar with it, such as Jan Ziff 
and me. We were able to train it to our 
voices and start work in minutes. 

It helps that the components that make 
up the workstation are carefully crafted 
to work together. The Zenith Z-286 LP is 
a fast, 80286-based IBM PC AT-compa¬ 
tible computer. It supports Zenith’s su¬ 
perb FTM monitor, an important asset 
for users who won’t be able to adjust the 
till to avoid glare, since the FTM seems 
impervious to glare. Installed in the 
computer is Prab’^s telephone controller, 
and Prab’s keyboard is attached. 

The keyboard contains the voice-rec¬ 
ognition system, which processes the 
commands before they ever get to the 
computer. The keyboard sends what ap¬ 
pears to the computer to be a series of 
keystrokes. This is important because it 
means that modifications to the com¬ 
puter were not required to support voice 
recognition. Instead, another computer 
in the keyboard handles the voice. The 
Prab keyboard can recognize about 160 
words* Those words can stand for indi¬ 
vidual keystrokes or for macros that can 
consist of hundreds of keystrokes. 

The macro capability means that com¬ 
plex commands can be developed using 
only a word or two. According to Prab 
CEO Walter Weiscl, users can run Lotus 
1-2-3 faster with voice commands than 
with a keyboard. Weiscl said that work¬ 
ers at Prab are able to run AutoCAD and 
make complex drawings using a collec¬ 
tion of only 130 words. 

Training the voice-re cognition system 
takes only minutes. The training pro¬ 
gram takes you through the basics of the 
keyboard, asking you to pronounce each 
word displayed. After you*ve done this 
two or three times, the software decides 
that you are trained and stores the vocab¬ 
ulary on the hard disk drive. From that 
point on, you can operate the computer 
entirely by voice. 


IS Disrussi 


Prab Voice CtHiimaiid 1 .. $49,500 

Heath/Zenith 

Prab Command 

5140 Sprinkle Rd. 

Kalamazoo, Ml 49002 
(616) 383-4400 
Inquiry 1079* 

Voice Command II.$21,900 

Heath/Zenilh 
P.O.Box 377 
St. Joseph, Ml 49085 
(616)982-3341 
Inquiry 1078, 


Independence 

There's more to independence than run¬ 
ning a computer, whether you’re in an of¬ 
fice or at home. For this reason, the 
package includes a phone management 
system that lets the user make or receive 
calls. Like the rest of the workstation, it 
operates under voice control. 

I watched as Heath Area Manager Bob 
O’Neill spoke the instructions to make a 
phone call. '’Special down,” he said into 
his headsiet. The menu bar on the main 
menu moved down one place. *’Down,” 
be said again, and “return.” The menu 
bar moved down another place, and then 
the Telephone Management choice was 
selected. “Return,” he said again. The 
computer asked whai number was to be 
dialed. “Digit one six one six three eight 
three four four zero zero, return,” 
O’Neill said. The computer dialed the 
number for Prab Command. 

In addition to allowing voice commu¬ 
nications, the telephone-control system 
allows the computer to have modem com¬ 
munications. The operator can commu¬ 
nicate with a mainframe to perform file 
transfers with other computers. Accord¬ 
ing to Weisel, many users have taken ad¬ 
vantage of this capability to trade voice- 
control macros and robotic-arm routines. 

The workstation also contains an envi¬ 
ronmental controller that lets the opera¬ 
tor control up to 250 X-10 devices. This 
gives users the capability to control light¬ 
ing, appliances, and other electronic 
equipment. As a result, an assistant is 
much less necessary. 

Modularity 

The Heath/Zen ith-Prab workstation is 
designed to be installed in the workplace 
in modules. A basic version, called the 
Voice Command 11 ($21,900), is avail¬ 
able that has everything except the robot¬ 
ic arm, the laser printer, and the furni¬ 
ture. These items can be added later. 


The furniture is an integral part of the 
design. It is built to exacting specifica¬ 
tions so that every installation is the 
same. This is important, because users 
have indicated that they want to trade 
programming routines for the arm, and 
for this to work, everything needs to be 
in the same place. The workstation is 
mounted in a cubicle that is designed for 
wheelchair access. The desk height can 
be changed to meet the user’s needs, and 
additional items, including refrigerators 
and microwave ovens, can be added. 

Good Business 

For the first time, a business no longer 
needs to be concerned with how it will 
make provisions for the requirements of 
a physically challenged employee. The 
Voice Command workstations enable 
such an employee to have the same capa¬ 
bilities and productivity as any other 
employee. 

More important, these workstations 
do not require a massive infusion of capi¬ 
tal costs or staff time to implement. They 
are provided off the shelf in a standard 
configuration. A business need only pur¬ 
chase the product. This finally places 
computing for the physically challenged 
employee within the means of most busi¬ 
nesses. 

Heath/Zenilh eases the transition by 
providing both installation and training, 
which will include orienting the em¬ 
ployee to the use of the equipment and 
training the workstation on the voice of 
the employee. Zenith has added to this 
package by providing reasonably priced 
leasing, bringing the workstation into a 
cost range that individuals can afford. 

This product is clearly in the right 
place at the right time. The shortage of 
skilled employees has become critical. 
The government has mandated provi¬ 
sions for the handicapped. Heath/Zenith 
and Prab Command have provided the 
best answer so far. 

There is, of course, one other reason. 
This is the best chance we’ve had for 
those we have left behind to be allowed to 
catch up. ■ 


Wayne Rash Jr. is a contributing editor 
for BYTE and a member of the profession¬ 
al staff of American Management Sys¬ 
tems, he. (Arlington. lA). He consults 
with the federal government on micro¬ 
computers and communications. You can 
contact him on BIX as *'waynerash, ” or 
in the to. wayne conference. 

Your questions and comments are wel¬ 
come. Write to: Editor, BYTE, One 
Phoenix Mill Lane, Peterborough, NH 
03458. 
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INALLY A debugging 
tool tough enough to 
handle the DOS 
Nasties. 


New Version 2.0 


Nasty over-write? No sweat! 

Soft-ICE memory range break points help you 
track down memory over-write problems 
whether you are doing the over-writing or 
another program is over-writing you. 

Hung program? No problem! 

When the system hangs, you now have hope. 

With Soft-ICE you can break out of hung 
programs no matter how bad the system has 
been trashed. And with Sofi-iCE's back trace 
ranges you can re-play the instructions that led 
up to the crash. 

Program too large? Not with Soft-ICE! 

Soft-ICE runs entirely in extended memory. This means 
you can debug even the largest DOS programs. And 
since your program runs at the same address whether 
Soft'lCE is loaded or not you can find those subtle 
bug^ that change when the starting address of your 
code changes. 

System debugging? Soft-ICE is a natural! 

Soft-ICE is ideal for full source level debugging of TSRs, 
interrupt service routines, self booting progiams, DOS 
loadable device drivers, reahtime kernels. non-DOS O/Ss 
and ROMs. Soft-ICE can even debug within DOS & BIOS. 


How Soft-ICE Works 

Soft-ICE uses the power of the 80386 to sur¬ 
round your program in a virtual machine. 
This gives you complete control of the 
DOS environment, while Soft-ICE runs 
safely in protected mode. Soft-ICE uses the 
80386 to provide real-time break points on 
memory locations, memoiy' ranges, execution, 
I/O ports, hardware ^ software inierrupts. 
With Soft-ICE you get all the speed and power of 
a hardware-assisted debugger at a software price. 

Don’t want to switch debuggers? 

You don’t have to! 

Soft-ICE can run stand-alone or it can add its 
powerful break points to the debugger you already 
use. Use your favorite debugger until you require 
Soft-ICE. Simply pop up the ^ft-ICE window to set 
powerful real-time break points. When a break point 
is reached, your debugger will be activated automatically. 

MagicCV with Soft-ICE 

Using Soft-ICE with CodeView gives you die features 
necessary for professional level systems debugging 
MagicCV and Soft-ICE can work in concert with Code¬ 
View to provide the most powerful debugging platform 
you will find anywhere. 

'‘These may be the only two products IVe seen in 
the last two or three years that exceeded my wildest 
expectations for power, compatibility and ease-oEuse/' 

—Paul Mace 
Paul Mace Software 



Sofi-ICE $386 

MagicCV $199 

MagicCV for Windows $ 199 

Buy SoftdCE &L MagicCV(W) 

—Save $86. 

Buy MagicCV and MagicCVW 

—Save $100. 
Buy All 3 —Save $186. 


30 day money-back guarantee 
Visa, MasterCard and 
AmEx accqjied 


I 


* ¥ f i 


New Soft-ICE 2.0 features 


I Back Trace Ranges 
I Symbolic & Source level debugging 
I EMS 4.0 support with special EMS 
debugging commands 
I Windowed user interface 


'“p Nu-Me^ 

TECHNOLOGIES 

CALL TODAY (603) 888-2386 
or FAX (603) 888-2465 



RUN CODEVIEW 
IN8K 

MagicCV 

CodeView is a great iniegraied debugger,'but 
it uses over 200K of conventional memory. 
MagicCV uses advanced features of the 
80386 to bad CodeView and syrnbols in 
extended memory. This allows MagicCV to 
run CodeView in less than 8K of conven¬ 
tional memory on your 80386 PC. 

NEW—Version 2.0 includes EMS 4.0 driver. 
Attention Windows Developers! 

Version available for CVW. 


P.O. BOX 7607 ■ NASHUA, NH ■ 03060-7607 
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rOUR CHARGE CARD IS WELCOME FOR COMPUTER & ACCESSORIES 

CALL TOLL FREE: 1-800-882-2802 

FOR FAX, TYPEWRITERS & DICTATION EQUIPT. 

CALL TOLL FREE: 1-800-223-7323 

PHOTO & SUPPLYCO/tP. IN N.Y. STATE CALL; 1-212-947-5290 

HOURS; Mon. Tru. Thura. SAM Till 6PM, Fri. SAM Till 2:00PM, Sun. SiSBAM Till 5PM, Closed On Sat. 



EXECUTIVE 


LAPTOPS DESKTOPS PRINTERS 


EPSON 


Equity T-2S6e 

12MKz BOCSae. tMB AAM, 
20MB "POP our Hard Driva, 
-PAPEP WHITE- Display 

2879.75 




Ptowl DESKPROaaSe, lEMHz, t.SfltVCiy 
□rivfl, IpMB Hard Drivo itf/VGA 2S#9,00 
COMPAQ SLT 


arr Equity LT SeCo w/ApMB St 10-75 
Equity LT h/ 2DMB Bard Drwe CALL 

SPARK by Datavue 

Spsr1t-EL, SAOK, 2-1.5 Dnwea IPSS.DO 
9p6ri(-EL w/2PWe 1799.00 

illTSIIDISHI 

ZSOL w/zai^e Hard Drivs 2Z<B9.oo 

ZflOL W/40MB Narel Drtvs 2749.00 

SHARP 

P045C2 wffiAOK. 2-Flcfifjy Drivsc A BacMIl 
Monllor 094.75 

TOSHIBA In Sian Oirfy] 

T1000 CALL T-tZQOHB CALL 
TIflOO CALL 

NSW] t-IBOO CALL 

Nswl T-51004 w/4p|vie CALL 

Newt T-S200SX CALL 

ZENITH 

12B3.75 1&4-2 1H9.75 

SuporapoM 286 Mddol 20 w/20ft^B-Haj!Cl 
Of IMS 2359.75 

200 wmm Hard Diiva 20S9.T& 

NEC 

ULTRAUGHT 2MS 1979.75 

PROSPEED 205 CALL 

BONDWELL 

Bandwell Laptop 2S&. 10MHz. 20MB Hard 
□rivs w/1200 Mctdcim. FtochargBabHu BaE- 
tery A Caas 2119.00 


AST PREMIUM 286 

10 MHz, 51 aC, 1.2 Floppy Drivo, 
Saagate 40MB Hard Drlvo (2Sms^ 

1578,75 


JWWJ AST BRA YD SUE 6 MHZ, t _2 Ftop- 
py. 4CIMB Hard Dm* (ZBIHS) 1190.75 

EPSON 

ftawl EQUITY SSCSX. 1-1.44 Roppy Disk 

OrwB. CALL 

COMPATIBLES 

IBM-ifT Cmnpaiitjto, 1-350 Ftoppy Drive, 
1 2QMB KhkI Drive 090.95 

IBM AT Campaltoto. 12MHi. 512K. 1i 
Floppy Drive. SsaqAla 40MB Hsrd Chive 
t28msli 1114.75 

YENOEX Nsadslad III System w/VGA Ost- 
Of Monitor 2349.75 

PACKARD SELL CPrr^tBfs CALL 

Laptop Accossortos 

WORLD PORT 2400 MCKtoWi 235.DO 
PACtFIC mu 5^^ Exlerul Drive CALL 


EPL-6000 LASER 

3001300 DPI, 6 Pages Pai Minute 

Uaos Industry Fonts & Cartridges 

1229.75 


LX4I0 

167,95 

LOhSTO 

CAU 

LQ-&S0 

543,50 

LO-9W 

543.50 

LQ-1050. 

757.9S 

LQ-2550 

959.99 

FX-650 

352.00 

FX 1050 

469 75 

PANASONIC 


KX-P 1181 

175-75 

KX-P list 

CAU 

KX-P 1134 



270.05 

KX-P 1595 



415.75 

PANASONIC Laser 

Pnntef 

1319.00 


BJ-130 
LBe-3 Lafier 


CANON 


735.M 

1649.D0 


NEC 


PS2Q0 493,95 P5300 640.95 

LCLB90XL POSto<;rip1 Laser CALL 

OKIDATA 

QKIDATA 162 Turtso CALL 

OKIDATA 1B3 Wide Carriage 217.75 
OKIDATA 264 400cpa. Wtoe Cwr 449.00 
N««|i| OKIDATA 380 359,75 

PRINTER 5ALEI 

STAR NX-1000 CALL 

New! OlOONIX 150 Plus Punter 309.7S 
NEWr H P Desiqei PiU9 U9.90 

H P LlBerjet n wrrwTar CALL 

Mewl H P L^seoel IIP CALL 

APPLE Imagewriler II 439.00 


HARDWARE 

IDCinCH 

HEW loi^ech Bus Mnuse 60.99 

NEW1 Lq^HkK S«ial Muuee 59.75 
Logitecti Bcanman PIug. .. 166.75 
IhTTEL ODOBT-SK 209.75 

IMTiL 90387.20. 3$9.99 

Ofl BS-3000 Ptos Scanner 164.75 
AST frPacli 2fle CALL 

MICROBOFT Mach 20. 314.75 

Hew] MICROSOFT MCtuse 99.95 

PLUS 2QMB Card 523.75 

TOSHIBA 3t^"720« Dnve wflCll 79,75 

Display Cafdt ft ManKora 

PARADISE VGA PkJS. 172,95 

PARADISE VGA Plus 16 229,89 

PARADISE VGA PiofeMioniJ »«9-75 

ATJ VGA Wortoer 512K 209-00 

VEGA V-Rem VGA 25GK 395-00 

VEGA VGA 199.00 

MITSUBISHI MdnitorS.CALL 

NEW! NEC Mullisyne llA Monitar 496.75 
NEC MuJIisync 30 599.00 

New! NEC MulOsyrK 5D 2300.00 

PACKARD BELL Monitors CALL 

SONY 1302 Monitor wiTSIand CALL 
SONY 1304 MuHtocan MonitDr 669.00 

ModeinsfEajE Cards 

HAYES 1200 Modem ExEemBl 256.75 

EVEREX FaidModem. 229.75 

□UADRAM JT Fax PcrtaMe 326.75 

PRINTER RIBBONS 

OKIDATA 202 Rtotion , 5.49 

STAR NX 10 Rjttoon 2.59 

NEC P7/P3 Ribbon 4.59 

DISKETTES 


BONUS 5^ DS/DO 
MAXELL Dishells 


4.99 

CALL 


SOFTWARE 


ViHORDPERFECT 223,95 

!01 Macfoa lAWofd Per%;t 37,49 

Xy Write III wlAJ A Carla 209.00 

VOLKSWRITER 4 CALL 

NEW1 SAMNAAMI Pm CALL 

NOTA BENE 3.0 . 235.00 

GRAMMAtiK IV 49,75 

Z-Sot1 PC Palruirueh IV . 57.75 

GO SCRIPT Plus. 234.75 

errSREAM Farms.CALL 

SOFTCRAFT Font SoluUdn Pedt 327.75 
AUTOSKETOH by Autodesk 69.75 

Hewl COREL Draw 1.i 329.95 

ALDUS Pegemakef 445.00 

HARVARD 6re(}hicj 255.75 

PFS First Publbaber.73.75 

IMPRESS.66.75 

LOTUS 1-2-3 (3.0 Of 2.3 339.75 

SVMANAC Grandview 173.7S 

Q 5 A CALL 

ASK Sam 165.00 

D Bpw IV CALL 

FOXBASE Plus . 157.75 

PARADOX 3.0. 438,75 

FRAMEWORK III 419.00 

Newt INTUIT atmcken 3.0 35,95 

DAC Easy Accounting 66,75 

ONE Write Plus 64,75 

Hewl Mirror III 49,00 

Hoi Urw II. 49,75 

PROCOM Plus 47,7S 

NOLO Will Maker 30.05 

FASTBACK Plus 09,75 

SPIN RITE .39.95 

366 MAX Pmtosstonel 65.75 

NORTON AdvencBd UlilittoS. . .79.75 
MICROSOFT Quick C WrASSWitolef 133.75 
BORLAND TurtM C Pro 157.90 

PC TckSs Deluxe 60.96 

DESKV1EW 75.09 

WINDOW Expre^ by HDD . . .42.95 

FAST by Future CompulBr . .57.75 

SUPER PC KWik. . 46.75 

HVPERPAD by Bflghthall . 83.75 

ACCOLADE Grand Prix. 23.75 

CHE&SMASTER 2l00 20.95 

SIERRA Men Hunter.26.75 

Where m Tima le Carmen S.D.. 27.95 


FAX MACHINES 

PANAFAJ 


UF-13S . CALL UF-140 CALL 
UF-145 . .. CALL UF-15S JN STOCK 
UF-ZSO .IN STOCK UP-26a IN STOCK 

SHARP 

FO-2aD . CALL FO-SX} CALL 
FO‘-330. CALL FO-S10 CALL 
FO-SM CALL FO-7D0 CALL 

Canon 

FAXPHONE 

FaxPhone 6 CALL FexPhona 15 CALL 
FaxPhone 20 CALL FaxPhone 23 CALL 
FaxPbane 25 CALL Fax Phone 35 CALL 
FAX 225 CALL FAX 270 CA LL 
FAX 350 CALL FAX 450 CALL 
FAX 830 CALL FAX 705 CALL 

RICOH 

FAX-25E CALL FAX-35. 

FAX-65E CALL FAX-75E 

MURATA 

M-900 call M-12Q0 

M-1400 CALL M-IBOO 

PANASONIC 

KX4^ 60 CALL KX F 100 
KX-F 120 CALL KX-F 220 
KX-F 320 

TOSHIBA Prie* 8r 

3000 CALL 3700 

Modal 30100 

BROTHER 

FAX 200 . 

FAX £10 wiAnswefing Machine . 

FAX PAPER 

ei^'iiSe' 49.95 BW'j(164^ 
BVi'']t32S' 

FAX Cteamng Krt 


TYPEWRITERS 

ft Word Processors 


Dictation 

Equipment 


CALL 

CALI 


529.90 

CALL 


CALL 


CALL 


59.90 

74.95 

29.95 


WORD PROCESSORS 

PWP-2000 CALL PWP-3000 CALL 
PWP-5O0O CALL PWPIOOC CALL 
PWP-7000LT Laptop CALL 

TYPEWRITERS 

XL-IBOO CALL XL-4SC0 CALL 
XO-5600 . CALL XD-TGOO CALL 

WP ft TYpwwrltGr Acce««, 

'PWP Btotl-Rile Kri 39-95 

Typrwriter Slarl-Rite Kil 39.95 

pTinlwbeete ... ea. 10.95 

Mulli Sinhe Film Oz. 74.95 

Correclaiito FUmi Dz. 34.95 

Lift-Off Correcting CaeaeOa Dz. 44.95 
Qqvar-Up CorrscbriQ Cassette Dtz. 46.95 
Data-Dtshs Dz. 34.95 

CbrtmaCalc.44.95 

Sheet Feeder 17PWP-5000 139.90 


KX-WlOOO Word Precesaqr CALL 
KX-W1500 Word Pracassor IN STOCK 
KX-WISIO WP w/Sheelteeder CALL 
KX-R430. CALL KX-R440 CALL 
KX-FISOO Word ProcMMf TypewrmerCALL 
Accessories CALL 


WP-55 Word PiTToeesar 
WP-7S Word Rrociessor 
WP-aO Word Processar ., . 
AX-29 . . CALL AX-26. 


OLYMPUS FomrfcorAw 

'"L200 129-90 &^7 35.9 

S-01t 59.90 S-930 99.9 

T-lOlO TranscribOt . 189.9 

S-B04 119.95 S-ei1 CAL 


T-IQO 

CAU 

1-3030 , 

CALL 

PANASONIC 


RN-15 . 

110.00 

RN-86 

179,90 

RN^ 

70,00 

RN^IOOD 

29-90 

FLN-105O 

34.95 

RN-1150 

.39.90 

FtN-125 

59.90 

RFI-90a 

179.90 

Rfl-97Q 

249.90 

RR-98a 

279.90 


SANYO 


TRCdlOO 

CAU 

TROS660 

79.90 

TRG-2550 



149.90 

TRG^TOa 

. 230.00 

TR£>5020 

179.90 

TRG4800 

227.00 

TRC-4030 

176-90 

TROOOOOA 227.00 

TRG6010A 

155-90 

THQ6700 

239.0O- 

TRCflOTO , 

, 195.90 

THC-9100 

. 239.90 

TFtC-SOlO 

199.90 


SONY 


M-tOOB 

219.90 

M-740 

35.00 

M-750V 

49.90 

TCHL5000EV 369.00 

aM- 12 . 

CALL 

BM-17 

CAU 

8M-560 

CALL 

DI-500 

CAU 

BM,75 

CAU 

BM-80 

CAU 

BM^15T 

CAU 

BM620 

CAU 


NORELCO 


565 

99.90 

592 . 

119.90 

NT-lle 

134.95 

NT-V 

199.95 

NT-Vl 

219.90 

NT-Vll 

247.90 

MC-III 

164.95 

MC-FV 

100.05 

2595 



110.00 

205 

367,00 

500 ! 

610,00 

510 .... 

399,00 

905. 

629.00 

MO3000 

299.00 

MK>40CKI. 

3T9.K 

2505 

399.90 

2510 

334.95 


COPIERS 

Canon i 


PC^ II. 359.90 PC-5 II 453.00 

PO-5L IF Legal $tze. . 619.» 

PC-6 779.90 PC«1E 659.90 

NEWI PC-7 Ztoom Cbpler CALL 

Black Cartridges. 79.05 

8Wi)iH Paper (6000 sbeetg) 49,50 

CALCULATORS 

ft DATABANKS 

^ HEWLETT 
PACKARD 

HP-10B Business .38.45 

HP-12C Financial .59.90 

HP-14B Businssa . .50.90 

HP-17B BusirteSS 75.90 

HP-19B BusirMSS OonsuRant II 125.90 
NP-20S Sctenltftc 39.90 

HP-23S Algebraic Scieniiric 43.00 

HP-2TS Bcienlilto 74.95 

HP-2fiS Advanced StienliriC. 162.00 

HP-32G RPN Scieniinc .. 52.95 

HP-41CV . . 119.90 NP-41CX 169.95 

HP-42S RPN Scientiric 86,90 

HP Ictfraraa Piinter._ 99-90 


PSION 


ORGANISER ll-XP 196-90 

SHARP 

Q2-700C WIZftJID IN ^TQCK 

WIZARD Accasems . CALL 

EL-6230 Auto Dialer . . 39.90 

EL-62SOH Dial Matlef 53.90 

CASIO 

SF-40D0 32K DIgilal Diary 69,90 

SF-TOOO 32K Digital Diafy179.90 

SF-7500 64K DigilaJ DiaryliO.ftO 

SF4000 64K Digital Diary199.90 

FC-1D00 Financial ConsdUant CALL 


TELEPHONES 


Feature Telephonee 

KX-T 2335 . 32.90 KX-T 3356 49-96 
KX-T 3365 55.90 KX T 2366 59 95 

lluhl-lJne Phunaa 

KX-T 3122 56.90 KX-T 3145 . 57.90 

KX-T 3155 . 75.90 KX-T 3170 139.90 
INTEGRATED PHONES 
KX-T 2385D. 65.90 KX-T 3390 79-90 

KX-T 3030 107.90 KX-T 2634 134-90 
KX T. 3429 136,90 KX-T 2430 100.90 
Anawaring HachiriBS Spectula 
KX-T tdOD .45.90 KX-T 1410 89.90 

KX-T T450 . 59.90 KX-T HSa. 85,90 
KX-T 1460 . 79.90 KX-T 1470 99.95 
KX-T T8Z4 78.90 KX-T 1740 1 09.90 
CORDLESS PHONES 
KX-T 3000 119.90 KX-T 3607 59.90 

KX-T 3823 .70.90 KX-T 3834 . 89.90 
KX-T 3832 .03.90 KX-T 0680 129.90 
KX-T 3900 wi3-Keypad9 123-90 

KX-T 4^00 wfAnswering Macbina 145-90 

Freedom Phone* 

FF-1700 cordless Toir Jlwtad* 109.90 

Bysinsss Key Systems 

PANASONIC 

' 2 Una tnta^aled irHercofn Syalem 
VA-0200 System (1-9310, 2-9230)360.00 
VA-9210 Electronfc Cwlrollet 124,00 
VA-023t3 2 Lina phEjne wJ^Speakar 124.90 
VA-614 4-l.lne Syalem 
VA-E1410 Kay Sarvtoa Unit. CALL 
VA-61421 Phcnd w/SpeaXerpiwie. CALL 
VA-61422 Speakerphone w/LCD..CALL 
VA-61423 S^kerphona w^LF CALL 
VA-206 24,lne SyUenii 
VA-206tO Kay System Unit . CALL 

V.A-2O021 Phone w/Speoker.CALL 

KX-T616 6-Line Syslena 

KX-T0161CI Control Unit_ CALL 

KX-Tei820 Phone wlSpeafcer CAU- 
KX-T01630 Speakerphone wfLCD CAU 
FREEDOM PHONE 

FS-346 8-Mne Sarvtoe Unit CAU, 

FS-eOO Qesto SlNton CALL 

FS-000 Exiecmive Station . .... CALL 


VISA, hastercaud, American express, optima a discover cards accepted 

□UR GUARANTEE: Defective goods will be re^aoad or repaired tf tetumsd wWitti 10 Days In origiraJ packing, mini condOlofi, triank wairanly card, detailed letter ol escpteftetkin 6 copy of invoica. Ho return privilege on scffwara. 
II Itjund detodhte, Wewiti advde customer howto consult manutacturef lor wanamee service. For CuAomer Services Please Cal (212) 947-5295 Priceaara tar Mail Qider Only- Storu Piicee May Vary. Waiaaerve ihe nghtlio UmUquanlrtles. 
TO ORDER by MAIL; PleBse send money order or carlified check tor UPS ^ipmenl on moei ilema. Peraorral Obech dMayS yOLU order by 10 days. 

Shipping ft Hendling: Handling Charge; 2% plua 5.95. Shipping Cbargs; 0.65 per t>. Eatimoie mirrimum dipping 5.95. Total Cfiarge at time of order Shipping ft Handling charges ate not refundable. 

- INQUIRE Mnut NEXT DAY AIR or Tnd DAY AIR ShhpmerK. N Y, State Rnktente add TAX. 


W Executive 

- iPHOTOASUmrCORP. 


MAIL ORDER: D«p« EY,1SO W««t 31 vt 9twt^ H.T^N.T. 100Q1 (Tal. 1-212-S4T-snOJ 
MANHATTAN ETDRE: 130 W*«t Slat- OtiMt, H.Y.,H.T. 10001 |T«I. 1-213-504-30031 

DCARSOAU^i^ Plaza] ACAII>DALE,H.Y. 10538 {TaL 1-014-723-1331] 

Circte 125 on Reatkr Service Card 


N.Y.C. Cmsrnm Atiaifs Liceme fiumbsf: 800t93 




























EXPERT ADVICE 
OS/2 NOTEBOOK ■ 


Mark J. Minasi 


OS/2 Multitasking 
Revisited 



A simple program that 
lets you experiment with 
the priority mechanism 


L ast month, I looked at how OS/2 
manages multitasking, ex¬ 
plained that programs get CPU 
time based on a two-level prior¬ 
ity system consisting of classes and del¬ 
tas^ and mentioned that programs can set 
their own priorities. This month. III ex¬ 
amine a simple OS/2 program that can be 
used to explore how OS/2 divides up time 
between processes. 

When OS/2 came out, Rob Oreglia 
and I wrote the original version of the 
programs shown in listings 1 and 2. List¬ 
ing 1 loads two child programs into the 
system, sets their priorities to whatever 
the user wants them to be, and lets them 
run for a while. When the child pro¬ 
grams are done executing, they report 
what got done. The program with the 
higher priority should get more CPU 
time and therefore should get more done. 

The main program, called PARENT, 
takes five parameters: 

PARENT classl deltal 
clas32 delta2 time 

where class! and deltal refer to the 
desired priority class and delta for the 
first child program, class2 and delta2 
refer to the same for the second child 
program, and time indicates how long to 
run the test. For example, executing 

PARENT 2 0 1 31 30 

would run the program for 30 seconds, 
setting the priority class (class is more 
important than delta, recall) of the first 
child program to 2 and the delta of that 
program to 0. The second child would 
get a class and delta of I and +31, re¬ 


spectively, The effect of this would be to 
run the first program at a higher priority 
than the second. Both programs would 
run, although the second would end up 
getting practically no CPU time. Re¬ 
member that class 1 jobs always yield to 
class 2 jobs regardless of the deltas. A 
sample run might look like this: 

Child 1: class=2 delta=0 
Child 2: class=l delta^31 
Child 1 Executed urith 
return Gode=0 PID=178 
Child 2 Executed with 
return code=0 PID=179 

Child 1 completed 
100,486 iterations. 

Child 2 completed 965 
iterations. 

The program echoes back what we Ve 
told it to do, reports that both children 
were successfully launched (return 
oode=0), and reports their process IDs 


(PlDs). Every program started under 
OS/2 has a unique PID, This is necessary 
because you must have a program's PID 
to do anything to it (e.g., terminating it 
or changing its priority). You can’t re¬ 
quest to change the priority of, say, 
123.EXE; you have to know its PID, and 
the PID varies from run to run. 

The children then report how much 
work they got done (i.e., how many itera¬ 
tions they completed). Child I, with the 
higher priority, got over 100,000 itera¬ 
tions done. Child 2 got only a small 
amount of time, finishing fewer than 
lOOO iterations. 

You can use this program to compare 
different classes (1 =low, 3=high) and 
deltas (-31 to +31). Some results for a 
10-MHz zero-wait-state 80286 are found 
in table 1. T used prlority=dynaiiiic, 
maxwait^l, and tiineslice==256 in my 
CONFIG.SYS fUe under IBM OS/2 1.1. 

How does it do it, and how can you run 
it on your system? You need just two 

continued 
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things: OS/2 and Microsoft’s C Com¬ 
piler 5.1. (If you haven’t got that, the 
PARENT.EXE file is also available on 
BYTEnet or BIX.) Compiling the pro- 
gram is a piece of cake. You need the 
source code for the following programs: 
PARENT.C (listing 1), CHILDLC (list¬ 
ing 2), and CHILD2,C. (CHILD2.C is 


not listed because the only difference be¬ 
tween CHILD 1 and CHILD2 is the mes¬ 
sage, “Child 1 [or 2] completed 
XXXXX iterations.”) 

When you installed the C Compiler 
5.1, it asked you what subdirectory to put 
source code in; just put the three C pro¬ 
grams there. Then compile them by typ¬ 


ing cl parent, c, cl childl.c, and cl 
eiiild2.c--no compiler switches are 
needed. Then you can run PARENT di¬ 
rectly. If you type the source code in di¬ 
rectly, be aware that case is important: 
DosSleep(lOOOL) will work fine, but 
DOSSLEEP(IOOOL) will not. 

Lines 1 and 2 of PARENT.C obtain 
access to OS/2 header files and kernel 
functions. Til be using kernel functions 
to start and control the child programs. 
Lines 4 through 7 are a C start-up boiler¬ 
plate. Lines 8 through 11 define the vari¬ 
ables. Two types are not standard C: RE- 
SULTCODES and HSYSSEM. 

RESULTCODES is a 2-byte structure 
that receives the PID and returns code 
for a child process. When PARENT 
starts CHILDl, PARENT gets back the 
PID and (eventually) the return code for 
CHILDL Ditto for CHILD2, so there 
are two structures. HSYSSEM is a sys¬ 
tem-defined type for semaphore handles, 
ril get to them in a minute. 

Lines 13 through 30 check that the 
user supplied the proper number of in¬ 
puts. Lines 31 to 39 load these inputs into 
variables and report back to the user. 

Next comes some code referring to the 
semaphores. Semaphores are flags used 
to control the execution of the children. 
Using a semaphore involves a .semaphore 
handle. PARENT will create and take 
control of two semaphores that are called 
start and stop. (I could call them any¬ 
thing, but start and stop seem most 
descriptive.) 

The children are then programmed to 
look for these semaphores. The way it 
works is simple: PARENT creates the 
semaphores and sets them, in lines 40 
through 48. Notice that they’re declared 
\ \ sem\ \ start and \ \ sem\ \ stop—al I 
semaphore names must look as if they 
were filenames within a subdirectory 
named sm\. The \ \ in.stead of \ makes 
C happy. 

Now that the semaphores are created 
and set, it’s time for the children. The 
children start up (lines 49 through 61 in 
listing 1 Stan the children) and first look 
to see if the start semaphore is set. Take 
a look at listing 2. Lines II and 12 in 
CHILDl.C open the semaphores, and 
line 16 waits for start to be cleared by 
the parent. PARENT clears that sema¬ 
phore in line 64 of listing 1. 

The children don’t start counting how 
much time they get until start has been 
cleared, or unset. Then they count (lines 
20 through 23 in listing 2) until stop is 
cleared. Meanwhile, remember the user- 
specified parameter time? In line 68, 
PARENT waits that many seconds before 

continued 


Listing 1: PARENT.Ct the main program. 

1 lNCr^JX]S 

2 iliiGlude <032.h> 

A HLiaci(ftrge,&3'^) 

5 Int arge; 

6 char * argv[]; 

7 { 

8 RESULTCODES chUtLpldl, child_pid2i 

9 lilt I'd j duration, epdl, cpd2 j 

10 unsigned myprlorlty,procid,cplljcpl2; 

n HSYSSEM 3tophandle,atrthfindla; 

12 

U I* argument list; 

14 lat - priority level child 1 

15 2nd » priority delta child 1 

16 3rd ^ priority level child 2 

17 4th ■ priority delta child 2 

18 5th # run time In seconds 

19 

20 

21 if (arge !- 6) { 

22 printf(”Thls requires five arguments, ail Integers,\n"); 

23 prlntf("First two are child process i priority class and"); 

24 prlntf(" delta j\n"); 

25 prlntf["third and fourth are priority class and delta ror")i 

26 prlntf{" prac 2,Vn;")j 

27 prlntf("fifth la run duration in seconds.\n\n"}? 

2fi DoaExlt{1,255); 

29 } 

30 

31 opll* etoiCargv[l]); 

32 cpdli atoi(argv[2])j 

33 cpl2= atoiCargv[3]); 

34 upd2= atoi{Hrgv[4]); 

35 duration - atoiCargv[5J:); 

36 prlntf ("Test will run for %d seconds,\n", duration) j 

37 prlatf( "Child 1: class^fd deltaa1ld\nChlld 2: claE3=Sd delta=<d\n"i 

3fl cpl1,cpdl,cpl2,cpd2 )t 

39 

40 Now create! open, and set seHiaphores so children know when to atop */ 

41 

42 rc=Do sCre ateSem (1, istrthend le," \ \ sem \ \ start"); 

43 r£i=DosDpenSfim( Icstrthandle," V \ aem\ \ start") j 

44 rc^DosSeiiiSet(strthandle); 

45 rc:=PosCreate^n(l,&stopihandle," \stop"}; 

46 rc=^Dos0penSeiiiC festophandle," U sem\ stop"}; 

47 rc=Do5SeiiiSet( stophandls) i 

48 

49 /* Start the children »/ 

50 

51 rc=DoBE3£ecPpiC(char *}0, 0, 2, (char »)0, (char •)0j ftchlliLpidi, 

52 "childl,exe")i 

53 rc=Do sSetPrty {0, cp 11, cpdl, eh lld_p i d 1, c odeTemiinate); 

54 priTitf( "Child 1 Executed with return code=fd 

55 PI d \ n", re, c hi ld_p 1 dl. code rem inate}; 

56 rc=Dos£xecPgra(Cchar •JO, 0, 2, (char »)0, (char •JO, ^hlld_pid2j, 

57 "chlld2,exe")| 

58 rG=DcisSetPrty (0 ,cpl2! cpd2,chlld_pld2. EodeTermlxnatB J; 

59 prlntr("Child 2 Executed with return code^fd PlD=Sd\n", 

60 re,chlld_pld2.codererralnBte); 

61 

62 I* Clear "start" semaphore so that the children can run 

63 

64 rc-DosSemClear( a trthandle )i 

65 

66 /K Walt for prearranged time #/ 

67 

68 DcsSleepCduration * IQOOL)j 

69 

70 Clear the "stop" semaphore so that the children will atop *f 

71 

72 rc=^DosSemClear(staphandle); 
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AW...What the Heck! 

We REFUSE to Raise Our Prices! 
DesignCAD 3D ^ 399 


WE REFUSE TO RAISE PRICES! 

Ve have dealers — even from foreign couti¬ 
es—call and tell us they could sell a lot more 
esignCAD 3D at higher prices because some 
their customers can't conceive a true 3D 
)lid modeling program costing only $399, 
ley ask us to raise our prices because they 
low it's worth more, much more. But took at 
e history of our company: We just don’t 
5lieve in inflated pricesi An escceltent CAD 
rstem shouldn't cost any more than a good 
ord processor. So we still say, ” Aw...What 
e heckl We refuse to raise our pricesi Let's 
}e the other guys beat this deal!” 

WHY BUY THIS ONE? 

lere is a very important reason to buy De- 
gnCAD 3D other than price: PERFORM- 
NCE. DesignCAD 3D provides complete 3- 
imensional drawing capabilities. It's not a 
i/armed-over” 2D program. DesignCAD 3D 
lows you to draw any entity in 3-D space. This 
eans, for example, that you can draw a curve 
the shape of a spring. You can draw a circle 
' arc at ANY angle on ANY plane. 

)esignCAD 3-D gives your Personal Computer 
le power of a mainframe CAD system! With 
)esignCAD 3-0, you can produce complete 3- 
imensional models and drawings that were 
nee considered impossible on a microcom- 
uteri 

Complete 3-Dimensional design features make 
easy for you to construct realistic 3-D models. 
Vlth full solid-object modeling capabilities you 
an analyze you drawing to determine the voL 
me, surface area or even center of gravity! 
lesignCAD 3-D even permits you to check for 
iterference between objects! Aeronautical 
ingineers can now find the center of gravity for 
new airplane design with a couple of key- 
trokes. The Architect can determine the sur- 
ice area of a roof for decking in a matter of 
linotes. The Civil Engineer can calculate the 
olume of a lake or dam in seconds. The 
lechanical Engineer wilt know for sure if cer- 
li n parts fit tog eth er without 1 nterfe re nee. Th e 
ses for DesignCAD 3-D are only limited by 
'OUR imagination! 

)esignCAD 3-D supports more than 400 differ- 
nt peripheral devices, including more than 250 
rinters {dot-matrix, laser printers, color print- 
rs. etc.), 80 plotters, most mice and digitizing 
iblets, and a wide variety of graphics cards 
nd displays. 

nee again, American Small Business Com- 
iters has proved that you don't have to spend 
lot of money to get quality software. De- 
gnCAD 3-D provides features such as Shad- 
g, Solid Object Modeling, Hidden Line Re¬ 
oval, and Cross Sectioning capability. All for 
ity $399. No other 3-D(mensiofial CAD sys- 
m can come close to providing the price/per- 
rmance of DesignCAD 3D. 


VERY EASY TO USE! 

DesignCAD 3-D has consistantly proven itself 
to be faster and easier to use than most com¬ 
peting CAD systems, in a national competition 
DesignCAD 3-D was matched in drawing 
speed by only one other CAD system. It cost 
$3,000. DesignCAD 3-D was able to perform a 
given drawing in nearly half the time as pack¬ 
ages costing up to $5,000. 

Customers frequently remark at how quickly 
they are able to learn DesignCAD. Many also 
comment about the power of DesignCAD. 

Dr. Stephens of N ASA states: "One of the things 
I like best [about DesignCAD 3D] is that I can 
pick it up and go with it.” Dr. Stephens, who 
evaluates and recommends software for pur¬ 
chase by NASA, says software must meet cer¬ 
tain criteria: "One, it must work. Two, it must be 
user friendly and easy to use. I push it [De¬ 
signCAD 3D] as far as I can push it. We're not 
using it as a toy down here, and I resent the fact 
that some people believe that a product's ability 
Is substandard because of its price." 

Jan Hallett, an engineer at Allied Chemicall 
states: "We use it extensively here and are really 
sold on it. Plant layouts, pipe runs, fabrications, 
along with a lot of other things are drawn and de¬ 
signed. IVe got AutoCAD, but very seldom If 
ever use it anymore/' 


PC MAGAZINE SAYS,,. 

DesignCAD 3D, the iBtest feature- 
packed, tow-cost CAOD package front 
Antencan Smafl Business Computers, 
delfvers more bang per buck than any of 
its iow-cost competitors and threatens 
programs costing ten times as much. 
For a iow-cost, self-contained 3D pack¬ 
age.,. DesignCAD^s range of features 
steals the show." 


HOW DO I GET ONE? 

DesignCAD 3-D and DesignCAD 20 are avail¬ 
able from most retail computer stores, or you 
may order directly from us. ff you have ques¬ 
tions about which program to purchase please 
give us a call. All you need to run DesignCAD 
3-D is an IBM PC or compatible computer with 
640 K RAM memory and a hard disk. Both 
products support most graphics cards, print¬ 
ers, plotters and digitizers. Free Information 
and a demo disk are available . 

Circle 21 &rt Reader Service Card 


Small Business Computers, Inc. 

327 South Mill Street 
Pryor, OK 74361 

(918)825-4844 • FAX: (918) 825-6359 


•IvAmerican 


VERY POWERFUL! 


DesignCAD 3-D version 2.1 is as powerful as most 
C A D system s costi ng $5000-$ 10,000! Featu res I ike: 
Complex Extrusions, a true 3D color-coded cursor, 
fuH shading or rendering capability, Blending of Sur¬ 
faces, Complex Sweeps and Translations, and 
Boolean Operations make DesignCAD 3-D one of the 
most powerful 3-D 
CAD systems 
available...at any 
price! Engineers, 

Architects, and Con- 
s u Ita nts con stantly tell 
us that they use CAD 
systems costing thou¬ 
sands of dollars which 
are not as powerful as 
DesignCAD 3-D. 


BYTE MAGAZINE SAYS., 
"At $399, DesignCAD 3D 
was the feast expensive 
package we saw, yet it 
was one of the more 
powerfuL ,.Donlbe 
footed by the remarka- 
biyiow price, this 
program can really per- 
formV" __ 
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OS/2 



DOS? 


Multi Boot 



answer. 

MultiBoot is the flexible, 
faster dual boot program 
for OS/2.DOS. 
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Once you've spent thousands of dollars on 
OS/2 and on OS/2-ready work station, 
what's another S49.95 to have eosy access to 
DOS? Highly recommended. 



Multi Boot's easy access to 
both OS/2 and DOS saves time 
and aggravation. 

of any time. 

Defaults to your preferred 
system. 

Hot key to second system. 
Con^f be occidently deleted. 

TO ORDER: 

Send $49.95* + $3.00 shipping and 
handling [check or money order) to: 

MultiBoot, Bolt Systems^ Inc. 

4340 EosNWest Highway 
Bethesda^ Moryland 20814 
or coll 1-301-656-7133 
FAX: 1-301-907-8736 to order 
by Viso/Mastercord. Specify 3.5" 
or 5,25" diskettes. 

'Mcrylaiid resjdenta a66 5% soles ion. 

Ask oboul our volume discounts 


A Product of 


■Inc, 


OS/2 NOTEBOOK 


Listing 2: CHILD. C, the subsidiary program. 

1 llftieriiie INCL_D0S 

2 #include 

3 

4 raalnO 

5 ( 

6 long int itersj 

7 HSrSSEM stophandle,strthandle; 

B 

9 /* Set up semaphore */ 

10 

U DosOpenSemt^atophandle, "■ \ \ sem \ \ stop”) j 

12 DosOpenSenuC&strthandlej \ \ sejti\ \ starf^) i 

13 

14 /* Walt for parent to say It’s OK to run 

15 

16 vhile (DosSemVait (strthandle, OL) J = O) j 

17 

IS f* Loop until semaphore clears 

19 

20 Iters = Oj 

21 vhile (DosSeraVaitCstophandle,OL) U 0) { 

22 iters tters+1; 

23 } 

24 printf("\nChlld 1 completed Jtld iterationa.\fl"liters); 

25 

26 } 


Table 1: Sample outpuifrom PARENLEXE. 

SAMPLE OUTPUT FROM PARENT.EXE 



Child 1 


Child 2 

Class 

Delta 

Iteratjons 

Class 

Delta 

Iterations 

2 

0 

50,496 

2 

0 

51,222 

1 

0 

50,507 

1 

0 

50,027 

1 

0 

0 

2 

0 

101,838 

2 

0 

29,415 

2 

1 

75,707 

2 

0 

28,437 

2 

31 

74,799 

1 

31 

30 

2 

-31 

100,789 


Note: A|f tesis ran m 30 seconds on a tO'MHz zero-wait-slate 8023S running IBM OS/2 1 1. 


clearing the stop semaphore in line 72. 
Then everything should stop nicely. 

Lines 51 and 52 start up the CHILD- 
l.EXE program. Programs start up 
other programs with DOSEXECPGM, a 
hook into OS/2 (these hooks are called 
application programmer interfaces). 
DOSEXECPGM has a number of param- 
eterSj but Pm interested in only the last 
two for now. The penultimate one, 
&chlld-pldl, points to where DOSEX¬ 
ECPGM can leave the RESULTCODES 
structure. The last parameter, child¬ 
ly exe, is the program to load and exe¬ 
cute. Line 53 changes CHILDI’s prior¬ 
ity once the child’s FID is safely in hand. 
Lines 54 and 55 report how the whole op¬ 
eration turned out. Lines 56 through ^ 
do the same for the second child. 

OS/2 Tip of the Month: 

Uppercase CONFIG.SYS 

This one is thanks to Doug Hamilton. 
Members of BIX’s ibm.os2 conference 


will often hear of strange results now and 
then from their OS/2s that can’t be dupli¬ 
cated. One complains of format failures, 
another of crashed device drivers, and I 
experienced protection violations when 
XCOPYing in the background to a floppy 
disk. The answer was the same in all 
these cases: Make sure that your CON¬ 
FIG.SYS entries are al! in uppercase. I 
know, it's easier to read in lowercase, but 
apparently OS/2 doesn't think so. OS/2 
1.2 will be out by the time you read this, 
and the problem may be fixed. But to be 
safe, use uppercase when possible. ■ 


Mark J. Minasi is a managing pariner at 
Moulton t Minasi Company, a Colum¬ 
bia ^ Maryland, firm specializing in tech¬ 
nical seminars. Me can be reached on 
BIX as **mjminasi." 

Your questions and comments are wel¬ 
come. ^Vrite to: Editor, BYTE, One 
Phoenix Mill LanCt Peterborough^ NH 
03458. 
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EXPERT ADVICE 
MACINATIONS ■ Don Crabb 


A TALE OF 

^ Two OffiRATING 

Systems 



A cross-examination 
of the features 
of the up-and-coming 
Mac and IBM PC 
operating systems 


W hen you are considering the 
purchase of a microcom¬ 
puter these days, it’s both 
the best of times and the 
worst of times. The best, because never 
before have you had so many choices: 
You can pick and choose from a variety 
of powerful computer systems^IBM PC 
or Macintosh—and at prices less than a 
king’s ransom. But this is bad simply be™ 
cause of the many choices: You can wan¬ 
der off into a swamp of details and op¬ 
tions and disappear without a trace. 

This month, I’ll try to sort out some of 
these details for you. Since much of how 
a computer functions depends largely on 
the capabilities of its operating system. 
I’ll focus on that. Coming under my 
scrutiny will be OS/2, the PC’s premier 
operating system, and Apple’s Mac OS, 
One reason for looking at the operat¬ 
ing systems is that when it^ comes to 
someone actually using a microcom¬ 
puter, factors other than million instruc¬ 
tions per second, million floating-point 
operations per second, Whetstones, 
Dhrystones, and other performance de¬ 
siderata come into play. 

I have nothing against performance, 
mind you. Til take a faster machine any 
day. But in terms of office productivity, 
more computing power isn’t the answer 
if a clerk has to run several different pro¬ 
grams to transfer data from a spread¬ 
sheet to a charting program and then 
transfer this image to a word processing 
document. Office workers may be able to 
get through this intricate chain faster, but 


they have to know how to use each pro¬ 
gram first. 

The Mac’s big win here is that the of¬ 
fice worker can simply cut and paste the 
chart from the charting application into 
the word processing document with just a 
few keystrokes. There’s no need for for¬ 
mat-translation programs or remember¬ 
ing special exceptions. You simply do it. 
You can concentrate on getting the job 
done, not fiddling with file formats in 
the computer. Isn’t that what computers 
are supposed to do for you, anyway? 

OS/2 is IBM and Microsoft’s answer 
to the Mac. Although it can run existing 
DOS software in compatibility windows, 
OS/2 is a whole new system for 80286- 
and 80386-class PCs that includes graph¬ 
ical capabilities akin to those of the Mac 
through an interface called the Presenta¬ 
tion Manager (PM). 

Roots 

The Mac OS is far older and far more ad¬ 
vanced in its development than is OS/2 


with PM. The Mac OS dates back to 
work done at Apple in 1980 and 1981. 
Preliminary efforts were implemented 
on the Lisa computer in 1983. The first 
released version of the Mac OS coincided 
with the introduction of the first Mac, in 
January 1984. Thus, it’s six years old, 

OS/2 didn’t get started by Microsoft 
and IBM until 1986, although it’s based 
partially on the Xenix and Windows 
products that Microsoft has been selling 
since 1984 and 1987, respectively. The 
first release of OS/2 didn’t hit the market 
until 1987, and the PM wasn’t released 
until 1988. 

Because of its development lead and 
the much larger user base it has enjoyed, 
the Mac OS is a more refined product. In 
fact, the difference between using any 
Mac and an IBM PS/2 running OS/2 
with PM is striking. Whereas the Mac 
works slickly and smoothly in its basic 
operations (e.g., file copying, renaming, 
folder management, and file deletion), 

continued 
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OS/2 does not* The Mac OS can run on 
machines with as little as 1 megabyte of 
RAM, although the new version. System 
7*0, will require 2 megabytes. And it 
runs on all Macs, from the 68000-based 
Mac Plus, SE, and Portable on up to the 
68030-based Mac Ilci. 

On a i-megabyte Mac Plus, the cur¬ 
rent System (6*0*3) runs quite accept¬ 
ably, even when you are using heavily 
graphics-intensive applications* A Mac 
Plus with a built-in high-resolution 
monochrome screen, an BOOK-byte flop¬ 
py disk drive, and an eKternal 40-mega- 
byte SCSI hard disk drive will set you 
back about $1500 at the deepest dis¬ 
counts available* Mac System software is 
distributed free of charge through deal¬ 
ers {although special printed documenta¬ 
tion can be purchased). 

OS/2 is not so refined* It feels clunky, 
especially its graphics interface. OS/2 
with PM won't run on any PC with less 
than 3 megabytes of memory. It also 
won’t run on any PC, XT, or compatible 
that's based on the older Intel 8088 or 
8086 CPUs* OS/2 needs an Intel 80286 
CPU or higher in order to run. Although 
OS/2 will work on 80286-based PCs 


Mac OS 

can run on machines 
with as little as 
1 megabyte of RAM. 

(e.g., the AT) with enough memory, it 
runs sluggishly on these slower, older 
machines* 

In all my testing, I haven't been satis¬ 
fied with OS/2 on anything slower than a 
16-MHz 80386-based PC* Such machin¬ 
ery doesn't come cheaply, especially 
when you throw in the 3 megabytes of 
RAM required, a 40-megabyte internal 
hard disk drive, a VGA, and a good 
monochrome monitor. Even if you put 
together the system yourself from dis¬ 
counted components, this minimally 
acceptable OS/2 box will cost well over 
$3500. And that does not include the cost 
of OS/2 itself, which is not distributed as 
a free upgrade to DOS* OS/2 can cost 


more than $500, depending on versions 
and documentation* 

Let's get real now: Some Mac applica¬ 
tions require more than 1 megabyte of 
RAM, particularly those that use color. 
If you use MultiFinder, you need a mini¬ 
mum of 2 megabytes of RAM, and to 
have a decent working set of applications 
loaded, you’ll easily need 4 megabytes or 
more. The same applies for OS/2: To 
handle a reasonable set of programs will 
require 5 megabytes of RAM. Fortu¬ 
nately for both camps, the price of RAM 
is coming down, but you still have to fac¬ 
tor in this cost if you expect to get real 
work done with the computers. 

How They Handle 

What about performance and ease of 
use? The Mac OS is faster at the basics of 
file management than OS/2, because its 
interface is more intuitive and easier to 
learn. It’s also easier to use, since its 
windowing interface is smoother and 
more refined. Apple’s head start shows 
when you sit a Mac next to an OS/2 box 
and play with both. Start a program, do 
computer housekeeping (e.g., file copy¬ 
ing or deleting, or directory changes), 
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cui and paste using the Clipboards, shift 
from program lo program, and you'l I see 
what I mean. While OS/2 is a huge im¬ 
provement over DOS, it still feels like its 
interface and graphics were bolted on, 
rather than designed from the ground up. 

To be honest, OS/2 has some facilities 
that even Apple's System 7.0 won't have. 
The most important of these is full, pre¬ 
emptive multitasking, which lets many 
programs run simultaneously (if you 
have enough memory), so you can switch 
between them transparently. This is in 
contrast to MuitiFinder, which uses co¬ 
operative multitasking to support back¬ 
ground processing. In other words, if the 
foreground task is idle (waiting on a key¬ 
stroke, perhaps), a background applica¬ 
tion (say, a print spooler or a terminal 
application doing a long download) has 
use of the processor. 

Since most people simply want to use 
multitasking to perform downloads or 
prim in the background, the benefits of 
OS/2’s multitasking are dubious. If your 
work really needs serious time-sliced, 
preemptive multitasking, you should 
consider Unix. Unix is 20 years old, 
which means that its multitasking kernel 
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Apple Macintosh System 6,0,3 
(System 6.0.3 is freely distributed 
by Apple dealers. For a complete 
system kit, including manuals, 
dealers charge $45.) 

Apple Computer, Inc. 

20525 Mariani Ave. 

Cupertino, CA 95014 
(408) 996-1010 
Inquiry 987. 


IBM OS/2 Extended Edition with 
Presentation Manager version 1.1 
(The list price varies according to 
configuration; the developer version 
is the most expensive. The price is 
$395 and up.) 

IBM 

Old Orchard Rd. 

Armonk, NY 10504 
(914) 851-0111 

Inquiry 988, 


has been beat on, debugged, and refined 
for a long time, and many of the graphi¬ 
cal user interfaces that are being slapped 
on top of it today are no older or worse 
than OS/2^sPM. 

We use computers both to automate 
tasks we could do by hand and to em¬ 
power us in ways that we simply can’t 
pull off well without a technology assist. 
The Mac OS enables you, in many ways, 
to worry about the work itself and not the 
gritty details of how to gel it done. OS/2, 
in its present form, does not. Maybe 
that’s the real reason that the Mac is fi¬ 


nally gaining acceptance in the business 
community, while OS/2 is still on the 
sidelines two years after its release. ■ 


Don Crabb is the director of laboratories 
and a senior lecturer for the computer 
science department at the University of 
Chicago. He is also a contributing editor 
for BYTE. He can be reached on BIX as 
'*decrabbT* 

Your questions and comments are wel¬ 
come. Write to: Editor, BYTE^ One 
Phoenix Mill iMne, Peterborough, NH 
0345S. 
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mouse and menu interface in multiple windows. Use DeScribe to 
create professional quality documents—anything from a quick memo 
to a textbook. Price: $.S95. 'I'hirty-day money back guarantee. 
DeScribe, Inc.; 4047 North I^reeway Blvd. Sacramento, CA 95834. 
Tel: (916) 646-1111 Fax: 923-3447 














New application. New network. 

You know the driil. 

You made it. You built a distributed application that takes full advantage of the powerof your network. You faced incredible 
obstacles. And you swore if you survived, you'd never do it again. Guess what? 

They want you to do it again. 

This time, take a short cut. With Netwrse® Our RPC TOOL^“ lets you sidestep the obstacles by providing access to a 
common platform forthe development of distributed applications. You write the application, then specify the network. Netwise 
automatically generates your distributed processing code. All of it. Every time. That means yourapplication can easily migrate 
to any environment in the future. Banyan, Novell, Sun. 3Com and major software suppliers have endorsed this technology as 
a standard for building distributed applications. Now it's your turn. 

Call us for a free educational diskette. Or order the RPC TOOL for a free thirty 
day try out. The development tool that lets your application be all it can be. 

Put an end to the grunt work. Call us. 303/442-8280 

2477 55th Street, Boulder, Colorado USA 80301 

Netwise Is s r&gisletied trademark. RPC TOOL is a tfadejirark of Netwise, Inc. Banyan Is a negiisSeted tradematk of Banyan Syalema Incorporated, 

Noiirell is s registered trademark of Ncsvell. Inq. Sun ie a registered trademark of Sun Microsystems, Inc. 3 Cofti is a registered trademark oF SConi Corporatian. 
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NETWORKS ■ Mark L. Van Name and Bill Catchings 


When One Drive 
Is Enough 



Widespread 
acceptance of diskless 
PCs could change 
the way LANs work 


O ne of the key functions of a 
LAN is centralization. A file 
server is a central repository 
for shared applications and 
data, as well as a central site for regular 
data backup. As more and more files 
have migrated to LAN servers, it was in¬ 
evitable that someone would ask. Do per“ 
sonal computers attached to LANs need 
hard disk drives? Or, for that matter, do 
they need disk drives at all? 

Well, sometimes no, sometimes yes. 
Diskless PCs could serve the needs of 
many LAN users—but first they have to 
come down in price. 

One Concept, Several Packages 

A diskless PC eliminates the need for 
disks by booting from a network server 
and using that server’s files. All diskless 
PCs operate in basically the same way, 
but they come in three types of packages. 

The first type resembles a small-foot- 
print PC. Samsung’s (Santa Clara, CA) 
PCterminal/286, which Novell sold for 
years, is a classic example. The PCter- 
minal/2S6 is a 12-MHz 80286 with four 
AT-style expansion slots. It includes 
drive bays and mounting bezels for disk 
drives, if you want to install one or more. 
The unit we examined had an Ethernet 
controller built onto the motherboard. 

A second approach is to put all the PC 
circuitry into the base of the monitor, as 
TeleVideo Systems (San Jose, CA) does 
in its TS2 TcleStation. A 2-inch-high 
base contains a PC on a board. The moni¬ 
tor rises from the base on a neck. 

The final approach is to hide the PC 
circuitry in the keyboard, as Earth Com¬ 


puter Technologies (Fountain Valley, 
CA) does. Its EarthSlation He fils a com¬ 
plete 12“MHz 80286 system into its key¬ 
board. It also requires an additional box 
that supplies the connectors for the moni¬ 
tor and LAN cables. 

The diskless PCs in these packages 
run the gamut from those based on the 
old 8088 to the new 25-MHz 80386 from 
U-Tron (San Jose, CA). They can work 
with several different types of networks, 
including both ARCnet and Ethernet. 

A Diskless Boot 

To illustrate the way these systems work, 
we’ll look at how a diskless PC boots on 
an ARCnet LAN running CBIS’s (Nor- 
cross, GA) Network-OS, a good MS- 
Net-based LAN operating system for 
small-to-medium-size networks. CBIS 
estimates that as many as 20 percent of its 
Network-OS nodes are diskless or at least 
boot from the network. To boot properly, 
the diskless PC’s network adapter must 
contain a Network-OS boot ROM. That 


boot ROM communicates with a Net- 
work-OS server via a slimmed-down ver¬ 
sion of the standard NetBIOS session pro¬ 
tocol. You also must configure a boot 
server. The boot server must have one or 
more boot-image files. A boot-image file 
contains an exact image of a boot floppy 
disk. 

Yog must create that boot-image file 
on the server. Fortunately, that task is 
easy: You use a Network-OS program 
that copies each sector from a valid boot 
floppy disk. That program copies every¬ 
thing it needs from the boot floppy di^, 
including the boot sector, the file access 
table, the hidden files MSDOS.SYS and 
lO.SYS, and COMMAND.COM. It also 
typically includes the files that a diskless 
PC needs to bring up a full version of 
Network-OS, as well as CONFIG.SYS 
and AUTOEXEC.BAT. 

You can create several different boot- 
image files for different diskless PCs on 
the LAN. The server decides which 

conrinued 
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boot-image file to use for each diskless 
PC by consulting NWBOOT.DAT in the 
Network-OS directory (\NW by de^ 
fault)* NWBOOT*DAT contains a list of 
node numbers and their corresponding 
bool'image file names* If the diskless 
PC*s node number is in that file, the 
server uses the designated boot-image 
file; otherwise, the server uses the de- 
fault image file, BOOTOS. But while 
many PCs can share a single boot-image 
file, you still need enough DOS licenses 
for all the systems on your LAN. 

With the server and diskless machine 
ready, the remote boot process is fairly 
simple* When you turn on a diskless PC, 
its ROM BIOS tries to boot the machine. 
It does not, however, try first to boot 
from drive A and then from drive C, as 
usual. Instead, it asks the boot ROM for 
the boot sector, just as a standard PC's 
ROM BIOS would ask its disk drive con¬ 
troller for the boot sector. 

The diskless machine's boot ROM 
then uses its stripped-down NetBIOS to 
broadcast a message that contains its net¬ 
work address and indicates its desire to 
boot. When the boot server receives that 
request, it establishes a connection with 


the diskless machine and sends the disk¬ 
less PC the required sectors from the ap¬ 
propriate boot-image file* 

When the diskless PC receives those 
sectors, it boots as if from a floppy disk. 
The AUTOEXEC.BAT, for example, 
typically would bring up Network-OS 
and mount some network hard disk 
drives, so that the diskless PC would 
have a complete working environment. 

In fact, once MS-DOS is running, yon 
could do a DIR on drive A and see the 
same files as on the original boot floppy 
disk. If the file protection attributes of 
the bool-image file let you change that 
file, you could even modify your AUTO¬ 
EXEC.BAT and CONFIG.SYS files. 

Then There's NetWare 
The boot process for a diskless PC on a 
Novell NetWare LAN is only slightly dif¬ 
ferent. During the boot procedure, 
which Novell calls ‘"remote reset,” the 
NetWare boot ROM uses a stripped- 
down version of Novell's IPX rather than 
NetBIOS. NetWare handles the problem 
of multiple boot-image files by using an 
index file, \LOGIN\BOOTCONF.SYS, 
that is much like Network-OS's NW¬ 


BOOT.DAT. Each BOOTCONF.SYS 
entry contains a PC's network number, 
node number, and boot-image filename. 
If a diskless PC tries to boot without hav¬ 
ing an entry in BOOTCONF.SYS, the 
server uses the default boot image, 
\ LOGIN \ NETSDOS. SYS. 

Unlike Network-OS, NetWare docs 
not let diskless PCs see the virtual boot 
disk after they have booted. Instead, it 
connects each diskless PC to the direc¬ 
tory \LOGIN on the server's hard disk 
drive. This approach can be annoying, 
because the diskless PC user can't edit 
the AUTOEXEC.BAT or CONFIG.SYS 
files; only the system administrator can 
make such changes. 

The High Cost of Diskless PCs 
Both of these approaches assume, of 
course, that you need a diskless PC. One 
argument for such systems is their pack¬ 
aging: Diskless PCs are typically small 
and quiet. Because they have no disks, 
they run cool and don't need the often 
noisy PC fan. The downside to the small 
size is that most diskless PCs offer no ex¬ 
pansion slots. 

continued 




Remote Communications Made Easy 

The QL 1000 PC-on-a-baard Series is the elegant low-cost alternative to standalone dial-in, 
dial-cut communication servers for Movell NetWare and C8IS Network^DS networks. 

Instead of dedicating noisy, bulky standalone PCs to specific network tasks. QL 1DD0 Series 
computers-on-a-card install neatly inside the fifeserver chassis — not visible, but ready to pro¬ 
cess tasks upon demand. 

Each user’s processor, memory and I/O are on an AT bus based add-ln board. Data travels at 
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Seven great reasons to own the newest 
high-resolution SuperVGA graphics card 
the Video Seven VGA 1024i. 



' It's sharp. Our new graphics 
I card dramati(My improves the 
I performance of ^ your appli¬ 
cations. You can choose up to 800 x600 
or 1024x768 resolution with 16 on¬ 
screen colors, or 256 colors at 640x480? 
Plus, 132-coIumfi text support helps 
you get the most from your spread¬ 
sheet applications. 


’MEJxTBS resDhiUon iflinlsrlRcod: 1(04and (MEfi480 ti 2Sfl 
fnpajuliun DRAM CDliflgilfalkin. 



It's fast, 507o faster than 
standard VGA.Thie 16-bit 
technology increases the speed 
of all your graphics and text applica¬ 
tions on an IBM PC/AT/XT, PS/2 
Model 30 or compatible. 



It’s versatile. It works in an 
8-bit or 16-bit slot. You can 
easily upgrade it from 256K to 
512K DRAM. And it lets you get the 
most out of today's popular MultiSync, 
Multiscan and 8514 monitors, including 
the MultiSync 3D and Seiko CM-1430, 


H it's 100% compatible. Guaran¬ 
teed to run all your VGA, EGA, 
CGA, MDA and Hercules soft¬ 
ware applications. It's even easy to 
install, 3 easy steps is all it takes. 



It supports more software. No 
graphics card gives you more 
high-resolution drivers, 
including Wiiidows/286, Windows/386, 
Presentation Manager, AutoCAD, 
AutoShade, P-CAD, VersaCAD, GEM/3, 
Ventura Publisher, Lotus 1-2-3* 
Symphony, WordPerfect, and WordStar. 


It conies with a full 7-year 
warranty We can do that 
because we build all our 
products using our own Headland 
Tbchnology chip and card design capa- 
bihties to ensure they will live up to 
our reputation for quality and 
performance. 

Plus, the new VGA 1024i card comes 
with the exclusive Best of Seven support 
package that InfoWorld rates a**h^rty 
excellent’,' YouTI get free disk and BIOS 
updates, bulletin board service, and our 
unlimited toll-free technical support. 



And it's affordable. The new 
Video Seven VGA 10241, a very 

_ sharp, very fast high-resolution 

Super VGA graphics card for only $397 
with 256K DRAM, $497 with 512K, 

So before you settle for just any 
VGA card, ask to see the big news in 
high-resolution graphics : the new VGA 
lO^i from Video Seven, 

Fbr more information and the name 
of the dealer nearest you, call toll-free 
(800) 238-0101 FVom within California, 
cal! (800) 962-5700, Or call (415) 623-7867, 

Home to llcMllniid l^hnDlacr'B warranty Bibl c^m- 

patihQtty guarantor-V] Hi; o Sifvm ijia Uadnmarfi i}t Hfladland Ibchnoliofiy 
Lnc. AH DlJier brnid and produol usbibb tiiay be tjradmnarkx nf tlutr 
comiHinlnn 




JQ34x ™ nesdutoi with 
meredsTafe speecL Par IBM 
PC/Xr/AT,[^Modd30 
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You would think that by leaving out 
disk drives and fans, manufacturers 
would be able to sell diskless PCs very 
cheaply* Unfortunately, that’s not true. 
For example, the Wyse Technology (San 
Jose, CA) WD-212 I2-MHz 80286 disk¬ 
less PC costs $ 1799 (see “The LAN Ter¬ 
minal Alternative/’ November BYTE). 
That price includes a built-in mono¬ 
chrome VGA monitor, but you have to 
buy a LAN adapter separately* Even the 
EarthStation I costs $995* For that, you 
get a keyboard, an 8-MHz NEC V40 pro¬ 
cessor, and an ARCnet adapter, but no 
monitor. You can find many complete AT 
clones in this price range. 

Diskless PC vendors clearly could re¬ 
duce these prices. The main reason for 
the high prices is that this is still a niche 
market with a handful of competing ven¬ 
dors* Expect prices to fall if this market 
grows or if IBM decides to legitimize it 
by announcing a diskless PC. 

Security Flaws 

One feature that many diskless PC ven¬ 
dors tout, perhaps as a partial justifica¬ 
tion for the high prices of their systems, 
is security. The idea is simple: Without 


floppy disks, you can’t steal data. 

Unfortunately, the lack of floppy 
disks stops only the amateur thief* All 
the diskless PCs we’ve seen have several 
security flaws* Chief among them is a 
serial port* With a serial port, a cable, 
and a modem, data is only as secure as 
the nearest phone jack. There’s also the 
ubiquitous printer port. With a laptop 
and LapLink, anyone can pull all the 
data off your server in a few minutes. 

You can prevent this kind of data theft 
by not letting diskless PCs use any file 
transfer software on the server. But 
while security on diskless PCs is better 
than on normal PCs, it’s still incomplete, 

A more important feature of diskless 
PCs is the control that they return to the 
network system administrator. That ad¬ 
ministrator can handle data backups, 
software updates, and software purchas¬ 
ing, all with no hassle for the user. 

Sound familiar? It should; the server 
effectively becomes a minicomputer* 
This setup is very attractive to MIS de¬ 
partments, which have traditionally con¬ 
trolled computing resource*s* It makes in¬ 
stalling PCs little harder than installing 
smart terminals. Users get the simplicity 


of a LAN terminal, and the MIS depart¬ 
ment regains administrative control. 

Indeed, diskless PCs can be easy to in¬ 
stall* We brought up one system by just 
plugging in the keyboard, network drop, 
and power cord, and turning it on. It im¬ 
mediately booted from the network* 

That leaves the control aspect* PCs 
brought with them a kind of democrati¬ 
zation of computing—one user, (at least) 
one computer—along with democracy’s 
potential for chaos. Diskless PCs have 
the potential for a return to centraliza¬ 
tion; companies should decide whether 
they want such an environment. 

Of course, the price of diskless PCs 
must come down. Will the market for 
them grow rapidly? Guessing the future 
is always risky, but this market may well' 
become a major one* Diskless Unix 
workstations are common, and where 
Unix goes, PCs tend to follow. ■ 


Mark L. Van Name and Bill Catchings are 
BYTE contributing editors. Both are also 
independent computer consuhants and 
freelance writers based in Raleigh, North 
Carolina. You can reach them on BIX as 
"mvanname '*and ”wbc3, respectively. 
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Our Printer Sharing Unit 
Does Networking! 


An tntegrai0d Sniuiion 

Take our Master Switch , a sophisticated 
sharing device, combine it with MasterNet 
networking software for PCs, and youVe 
got an integrated solution for printer and 
plotter sharing, file transfer, electronic mail, 
and a tot more. Of course you can also 
share modems, minis, and mainframes or 
access the network remotely. Installation 
and operation is very simple. 

VersnWe 

Or you can use the Master Switch to 
link any computer or peripheral with a serial 
or parallel interface. The switch accepts 
over 20 commands for controlling the flow 
of data. It may be operated automatically, 
by command, or with interactive menus. Its 
buffer is expandable to one megabyte and 
holds up to 64 simultaneous jobs. The 


MasterLink™ utility diskette for PCs 
comes with every unit and unleashes the 
power of the switch with its memory-resident 
access to the commands and menus. 

OthBr Pmducis 

We have a full line of connectivity solutions. 
If you just want printer sharing, we've got 



i^lROSE 

ELECTRONICS 


it. We also have automatic switches, code- 
activated switches, buffers, converters, 
cables, protocol converters, multiplexers, 
line drivers, and other products, 
CammitmBni io Exceitence 
At Rose Electronics, we're not satisfied 
until you're satisfied. That’s why we have 
thousands of customers around the world 
including large, medium, and small 
businesses, factories, stores, educational 
institutions, and Federal, state, and local 
governments. We back our products with 
full technical support, a one-year warranty, 
and a thirty-day money-back guarantee. 

Call now for literature or 
more information. 

( 800 ) 333-9343 


RO. Box 742571 • Houston. Texas 77274 • Tel (713) 933-7673 • FAX (713) 933-0044 • Telex 4948886 
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ZEDS Smashes the 386 


Your best reason 
yet to move up to a 
’386. Now you can 
own a complete 
ZEOS 386SX 
16MHz hard drive 
system for less 
than comparable 
’286 systems. 

The ZEOS 
386SX. ZEOS 
peifoimance, 
quality and 
support. ZE OS 
value. The Choice 
is Gear. 


Kyou plan to buy 
a 16- or 20MHz 286 machine, 
think again. 

A fundamental change in 
computing is about to take place. 
Systems based on the 80286 
processor will be replaced by 
systems based on the 80386SX. 

As America’s premier manu¬ 
facturer of 80386 based systems, 
we’ve designed the new ZEOS 
386SX to provide everyone with 
a window to the future. A future 
of ’386 speed and performance 
at a fraction of what you would 
expect to pay. 

And ZEOS knows ’386 sys¬ 
tems better than anyone. After all, 
PC Magazine chose ZEOS above 
57 other companies for “For Over¬ 
all Excellence’'m. their recent ’386 
Blockbuster issue. 

The new ZEOS 386SX simply 
runs circles around ’286 based 
machines. PC magazine noted 
that the ZEOS 16MHz 386SX 
compares “favorably with the 
20MHz ’286 machines reviewed 
in ‘The 80286: Unsafe at Higher 
Speeds?”’ (PC Magazine, De¬ 
cember 27,1988). 

So forget those 16- and 20MHz 
’286 machines forever. The ZEOS 
’386SX-16 “blows ’em right out 


of the water.” As PC Magazine 
says, “386SX-based machines 
are the right choice...” and the 
new ZEOS 386SX is the right 
choice for you. 

30 Day Absolute Satisfaction 
Guarantee. One Full Year 
Limited Warranty. 

If a company believes in their 
product, they should stand Rock 
Solid behind it. That’s why your 
new ZEOS 386SX hard dnve sys¬ 
tem includes our famous 30 Day 
Absolute Satisfaction Money 
Back Guarantee, One Full Year 
Limited Warranty and Express 
Parts Replacement Fblicy. 

24 Hour a Day Sales and Toll 
Free Ibchnical Support! 

And talk about service! ZEOS 
is the only computer company in 
America standing by ready to 
help you Tdl Free, 24 hours a day, 
565 days a year. Nobody supports 
their customers like ZEOS! 

Order your new ZEOS 386SX 
now with ranfidence. Your choice 
of ZEOS quality and performance 
is Gmranteed. Order now by 
calling 800-423-5891. 
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On]yTO5. 

Price Barrier! 


The New ZEOS 
386SX Hard Drive 
System. Below 
786 Prices! 

Oiily$U95 

The future is now! 

be left behind with yes¬ 
terday's '^6 technology? This 
fast new ZEOS 386SX ^tem 
is your high performance Hcfmt 
to '386computing power, Ifs 
actually faster and yet less 
expensim than comparable 
*286systems. 

■ S0386SX-16CPU 8/16MHZ 
Dual Speed Keyboard Select¬ 
able. Reset/Turbo Buttons. 

• 5I2KDRAM, expandable to 
a System Total of 16MB. 

■ Shadow RAM and EMS 
capability. 

■ Fast 32MB Seagate 138R 
Hard Drive with autopark, 
12MB Teac floppy drive. 

■ Ultra high speed Hard/ 
Floppy controller. 1:1 inter- 
leave. High Speed transfer. 

■ Genuine Hercules'^ brand 
graphics controller High-Res 
Amber Display with Tilt/ 
Swivel 

« ZEOS/RS Enhanced 
Tactile/Click keyboard. 

• 2 High Speed Serial fbrts 
plus one Parallel and me 
Game Port. 

w 6-16,2-8 bit expansion slots. 
80387SX support. 

■ R24ggBd ZEOS space saver 
case. Security lock and LED 
indicators. 

■ Includes ZEOS 24 Hour a 
Day Toll Free Technical 
Support and Customer 
Satisfactim package. 


Order Now Toll Free 

800-423-5891 

FAX Orders Dial: 612-633-1325 
In Minnesota Call: 612-633’4591 
MastciC^, VISA, ZCARD, COD 
Open 24 Hours a day, 365 Days 
a year. 


ZEOS IS a publicly ifsfkd CEimpany; MPLS/St. Paul Local OTC. ©19S9 ZEOS Intemationat, Ltd.. 530 5th Avenue, N.W., St. PjjuI, MN 5511Z. 
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Complete ZEOS 20MHz 386 
System. 80IVIB SCSI Drive! 

Only $2995 

}6MHz systems ftom $2295! 

The standard by which others 
are measured! Featuring 64K 
CACHE (twice that of most cont' 
petitors) providing Zero- Wait 
State performance imtly superior 
to page/interieave memory 
schemes. Incredible Value. 

■ High speed Zero- Wait 64K read 
and write back SRAM CACHE. 
The fastest method known, 

■ Genuine 32-bit Intel8038& 
20MHz CPU. 

■ 1MB of Zero- Wail DRAM 
Expandable to 16MB. 

■ Fast 80MB, 28ms SCSI 
Seagate Hard Drive, Tea(f' 
L2MB Floppy Drive, 

■ High speed HDD/FDD SCSI 
Host Adaptor with Software. 

■ 14'' High-Res Amber Display 
with Tilt/Swivel base. Genuine 
Hercules'^ brand graphics 
controller. 



Performance Comparisons using PC Labs Benchmark Series 
Release 4: 


803B6 Floating 

InShoCtion Point G>rtventioriol 

AAix Calculation Memorv 


ZEOS 386/16 Desktisp 

3.5S 

13.62 

D.sa 

ZEOS 386/20 Desktop 



ir«— T->ill ~H 

0.3S 

IBM PS/3 Model 7Q-E61 

4.0B 

16,04 

0 75 

Compaq Oeskpra 386/16 

4;i3 

15.47 

0-7S 


■ BIOS and Video Shadow 
RAMplm EMS support. Soft- 
ware Included. 

■ 101 Key ZEOS Tactik/Clkk 
keyboard, 

» 2 High Speed Serial Ports plus 
one Parallel and one Game port. 

■ h32, &16 and 1-8 bit sbts. 

■ W3S? math copmeessor support. 

■ Rugged ZEOS 5-bay case. 
Including Security Lock and 
LED indicators, 

■ Includes ZEOS 24 Hour a Day 
Toll Free Technical Support and 
Customer Satisfaction package. 

Options Galore: Including 14" 
VGA, add only $495. And an in¬ 
credible selection of hard drives: 
SCSI. RLL, ESDI or MFM and 
virtually any other add-on you 
could want! 

Order Now Toll Free 

800-423-5891 

FAX Ortiei^ Dial: 612-633-1325 
In Minnesota Call: 612-633-4591 
MasterCard, VISA, ZCARD, COD 
Open 24 Hours a day, 365 Days a year. 


AUprio^ and specificatiQns are subject Iq chan^ without notice. Pl^se call for current pridny^ and warranty detailE- ZEOS is a publicly traded company; MPLS/St- Local OTC. 


























“Out of 104 machines from 
58 companies... For overall 
excellence we selected ZEOS 
International’s 386-16 and 386-20” 
PC Magazine, May30,1989 

The Editors of PC Magazine 
came to this conclusion after in¬ 
vesting “25,000 hours of work by 
60 people testing and reviewing 104 
’386 PCs" The review was thorough 
and their conclusion specific. Simply, 
that out of all the manufacturers in 
the world, ZEOS offers you the very 
best ’386 Value. 

In all areas, ZEOS machines 
are top performers. With uncom¬ 
promising attention to quality and 
detail throughout. Not only do 
ZEOS systems themselves afford 
you the very best Values in com¬ 
puting today, they’re backed up by 
the strongest after sales support 
in the industry. 

At ZEOS we feel that if a 
company believes in its products 
it should stand Rock Solid 
behind them. 

That’s why ZEOS offers Toll 


“Price is always a 
consideration. So are 
benchmark test results. 
But both factors can be 
deceiving, which is why 
we consider them in the 
context of other aspects 
that wUl make the differ¬ 
ence months and years 
down the roaiThings like 
quality of construction, 
reliability, expandability, 
and ease of service!’ 

PC Mugame, On ‘"What 
Makes an Muir’s Choice” 


Free Technical Support 24 
Hours a day, seven days a week, 
365da^ a year! At ZEOS, we 
believe in standing by our cus¬ 
tomers whenever they need us. 

Then add our 30 Day 
Absolute Satisfaction Momc)’ 
Back Guarantee, One Full Year 
Limited Warranty and Express 
Parts Replacement Policy. You’ve 
got the best. 

And when you order your ZEOS 
’386 you can have your pick from 
the industry’s broadest selection of 
options. As PC Magazine said, ZEOS 
offers “more options than even 
the most configuration hungry hound 
could possibly need” 

Quality, Fterformance, Reliability 
and Support. Overall Excellence. 
That’s why ZEOS is PC Magazine’s 
#7 choice. And that’s why ZEOS is 
your best choice as well So pick out 
that dream machine today and 
order it now with confidence. Your 
choice of ZEOS excellence is Guar¬ 
anteed. Order now by calling 
800-423-5891. 


Complete 25MHz ’386 
Vertical System. 80MB 
SCSIDiiws! 

Only $3495 

Complete 33MHz ^tems 
only $4495! 

ZE0S25MHz and 33MHz 

80386systems are the fastest, 
most admnced avaiiable any- 
where. Government Computer 
News calb the ZEOS "386-33 
"^arguably the fastest MS-DOS 
and OS/2 micro in the woHdf 
Review after review, these ZEOS 
systems are selected as the best 
price/performance buys. A power 
user's dream! 

■ Ultra High speed Zero- Wait 
64K SRAM CACHE, 



■ 14'* High-Res Amber Display 
with Tilt/Swivel Genuine 
Hercules^ brand graphics 
controller. 

■ BIOS and Video Shadow RAM 
plus EMS support. 

■ ZEOS Tactile/Click keyboard. 

■ 2 High Speed Serial Ports plus 
one ParaUel and me Game port. 

■ 1-32,6-16 and 1-8 bit sbts. 

■ 80387math coprocessor support. 

■ Includes ZEOS 24 Hour a Day 
TollEree Technical Support. 

^&bay Vertical case standard. 
Deduct $150 for desktop case. 

Many options available: Including 

14** VGA, addmly$495. Plus a 

large sekcHmofSCSI, RLL, ESDI 

orMFMhard drives and more. 

Order Now Toll Free 


■ Genuine 32-bit Intel 386-25 
or33MHzCPU. 

■ 1MB of Zero-Wait DRAM 
Expandable to 16MB. 

■ Fast 80MB, 28ms SCSI 
Seagate Hard Drive, Tead^ 
L2MB Floppy Drive, 

« High speed HDD/FDD SCSI 
Host Adaptor with Software. 


Performance Comportsons using PC lobs Benchmorh Series 
Release 4: 
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ZEOS 306/25 Dasktop 

3.29 

B.37 

0 33 

ZEOS 336/33 Desktop 

1-67 

6.43 

0.27 

IBM PS/2 Model A 

2.27 

8.33 

0.60 

Compaq Doskpro 306/25 

2.36 

8.59- 

0.37 


431983 ZEOS International. Ltd., 530 5th Avwiuc. N-W„ St, I^ul, MN 55112. All product iind CLunpany names are tTadcmariEi 
□r nesisteifiEd trademarks of their respective holders. 


800-423-5891 





























Right Now. Guaranteed]* 

Yes, we can ship your new ZEOS* ’286 or ’386 
today! We’ve built up an extra supply of the hottest 
selling computers in America. The celebrated 
ZEOS 286-12 and PC Magazine’s Editors Choice— 
the ultra fast ZEOS 386-20. 


1. Your Older must be received by IPM Central Time. 

2. Gedit Cards are subject tocr^t card authorization. 

3. Orders must be for our standard 286-12MHz 
system or 386-20MHz system, either mono¬ 
chrome or VGA. Any other systems or upgrades 
are custom built and will take slightly longer. 


Take your pick now for immediate delivery. 
These are both complete, genuine ZEOS Zero-Wait 
state systems. Both include an ultra-fast Seagate 
hard drive and all the other goodies. And they’re 
ready to ship. Right Now. 

Here’s how it works. We have these extra systems 
pre-built and ready to ship. They include both High 
Resolution Monochrome and VGA systems. While 
supplies last, we will ship either of these sj^tems to 
you the day you onfer subject to these conditions: 


* Our Guarantee to You: 

If we fail to ship your system under the conditions 
outlined, we will ship it at our expense as soon as it 
is ready. All systems are fully burned in and tested. 
Eadi system includes our 30 day Money Back 
Guarantee and One Full Year Limited Warranty. 
Plus 24 Hour a day Toll Free technical su p itort and 
Ex press Parts Retdacement are included too! 

This offer is good only as long as these pre-built 


Complete ZEOS 12MHz 786 
with 32MB Hard Drive! 

Only $135 

For VGA color add $495 

FREE ShariFware Disks Tm! 
25 Software Programs Included 

Every syskm will include 25 
ready to nm Shumwam programs 
on free dist^. Included are 
programs for Word Processing, 
Sfmad Sheets, Educatimal 
Financial Business, Games and 
more. With Shareware you can 
try the programs first before you 
register them with the author. 
What a great idea! 

Standard Features Include: 



m 80286-12 CPU 6112MHz 
Dual Speed keyboard/hard¬ 
ware selectable. Reset and 
Turbo buttons right up front 
■ Zero-Wait Stcde DRAM, 5I2K 
expandable to 4ME on the 
mother board (16MB System 
Total). EMS Capabiiifyon board. 


PeHormance Comparisons using PC Lobs Benchmark Series 


Rcloase 4: 

80286 

Instnictiort 

Mix 

Fborting 
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Colculotton 
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Memory 

Z€OS 286/12 Desktop 

478 

18.84 

0,72 

JSM PCAT(8MHi) 

8.96 

3560 

1.32 

IBM PS/2 Mcxlel SO 

7.S0 

20.34 
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« Fast 32MB Seagate I38R 
Hard Drive with auto-park, 
I.2MB Floppy Drive. 

■ Ultm high speed Hard/Fbppy 
controller 1:1 interkam, 800 
KBJsec transfer rate, 

■ 74'' High-Res Amber Display 
with Ttlt/Swiml Base, Gen¬ 
uine Herctdes’" Brand 
graphics card. 

■ ZEOS Enhanced 101 Key 
Keyboard with our Pleasant 
TacHlelClick Feel 

■ Two Serial Ibrts plus Parallel 
and Game Ports. 

• Clock/Calendar with Battery 
Backup. 

■ 616 and 2-8 bit expamion sbts. 

■ 80287support, up to 12 MHz. 

■ Heavy Dtdy Case Cimplete 
with Security Lock and LED 
indicators. 

Order Now Toll Free 

800-423-5891 


All prices and specLncaLiotie are subject to ctinTige without notice. Please call fbr current pricing 3 nd H'Bjranty detail^. COD orders may lef^uirc an advance deposit. PS/2 and AT are trademarks of IBM Corpamtion. 


ISO BYTE* DECEMBER 1989 





















drsNow! 


su 


systems remain in stock; please give us a call to 
verify availability. This offer does not apply to other 
ZEOS systems or custom configurations. 

Immediate shipment is only part of the story. 

ZEOS builds Rock Solid computers. Thatfe why we 
offer you our 30 Day Money Back Guarantee, Toll Free 
technical support and Full One Year Limited Warranty, 
Compare that to the others. Then compare performance. 

Performance is what ZEOS is all about. If you’re 
buyir^ a computer you may as well buy the fetest. 
The ZEOS 2^-12 is the jastest in its da^. It features 
true Zero-Wait state operation with speeds dose to 
many 386 systems! 

Or sdect the ZEOS 386-20. lire Editors of PC 
Magazine did. In fed, they said “Out of 104 machines 


from 58 companies... for overall excdlence in both 
the 16- and 20MHz categories, we selected ZEOS 
International’s 386-16 and 386-20” And ZEOS ’386 
systems have racked up three PC Magazine Editor’s 
Choice awards so far this year! 

PC Resource Magazine put it this way “ZEOS 
... provides quality comparable with the IBM or 
Compaq and does so for about 70% of the cost!' 
Personal Computing says “The best value 

we’ve come across so far!’ 

We couldn’t have said it better oursdves. 

And these are the machines that we have 
ready to ship to you right now. Rock solid block 
buster ZEOS mkdiines with quality and perform¬ 
ance that is, in a word, Guaranteed. Order now by 
calling 800-432-5891. 


Complete ZEOS ZOMHz’386 
with 80MB 28ms SCSI Drive! 


Only $2,995 

For VGA color add $495 



Standard Features 
Include: 


■ Genuine 32-bit 
Intel 80386- 
20MHz CPU 
■ High speed 
ZeiD-Wait 
64KSRAM 
CACHE, 
m IMBof 
Zero-Wait DRAM Expandable 
to 16MB ^tem total, 
m Fast mMB,2Sms SCSI 


Seagate Hard Drive, 1.2MB 
Floppy Drive. 

■ Ultra high speed Hard/Floppy 
SCSI controlleK 


■ Genuine Hercules'^ Brand 
gmphicscard. High-Res Amber 
Display with TiU/Swivel Base. 



Perfonnance Comparisons using PC Labs Benchmork Series 
Release 4: 
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IBM PS/2 Modd 70-121 
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Compaq Deskpro 386/208 

^91 

m54. 

0.40 


■ 101 Key ZEOS Tacfik/Click 
keyboard. 

» Two High Speed Serial 
plus Parallel and Game Ports, 

■ 1-32,5-16 and 2-8 bit sbts. 

■ 80387math co-processor 
support. 

m ZEOS 5-bay case with security 
lock and LED indicators. 

Order Now Toil Free 

800-423-5891 

FAX Orders Dial: 612~633-D25 

In Minnesota Call: 612-633-4591 

MasterCard, VISA^ ZCaixJ and COD 

Open 24 Hours a day! 

ZEOS International, Ltd, 

530 5th Avenue, N.W. 

St. Paul, MN 55112 USA 



tteskpro is a trademark of Compaq Computer CorpoTaticm. Corporate leasinj? plans are avajlgble. ZEOS is a pyblidy traded cnrapany; MPLS/St. rVull Local OTC. O 1980 ZEOS Intenmt^Qnal. Ud- 
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Hck. 

Only ZEOS lets 
decide between two great 
keyboard styles. Choose 
the ZEOS/RS with 
standard Enhanced key 
spacing yet a 25% smaller 
footprint. Or choose the 
ZEOS/F12 with all the 
function keys on the l^. 
ZEOS gives you the 
dioice. Two great key¬ 
boards, one great price! 

Only 

W 

Flcastriickl 95.00 fnr shipping & tnHcidiing. ViJurZEOS kcrboflTrj 
cnmra with the slnndnTid fi' coikd cable. Riran addit icjnal lU' 
cabkeKEcrnkm tl6' [ulal>add IIO.OD.ZEOB keybiiaitls u&e ihc 
siambrd IXN [ype icsnnneih{ir» dn rmst cumpRtiljks, If y^Ju’ie not 
sure whaL you need, ctiwladt ytiurCKHiipfiittTretitkf; KsrPS/2 styk 
cnnnectnreadd SlS.OO. XT, AT and re/ZaietTademarkant IBM 
Corporation. Pricci arc Bubject to change without notice. Call 
&H- comptcic warranty detnife. Avaibhile in 12 catt to 

verify alodt. ZEOS is a pulitkly traded corapany. M PIS/ 

srmuL i,ncatoTC. 
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ZEOS/RS 


Your favorite Keyboards. Guaranteed. 

ZEOS/F12, “F” Keys on the I /cft! ZEOS/RS, 25% smaller footprint! 

Many people prefer their function We made it 25% smaller yet kept 

keys on the left. That’s why we the standard Enhanced key size 

developed the ZE0S/F12. If you and spacing. People love it by the 

use your “F” keys frequently, then thousands. You will too. Just de- 

definitely give the F12 a try. You’ll cide what you’re gt>ing to do with 

never go back. all that extra desk space! 


Who said typing can’t be both fast and fun! Now it’s both. ZEOS gives 
you your choice of /my; great keyboards. 

Choose the ZEOS/RS (Reduced Size) keyboard. It's 25% smaller! Or 
select the ZE0S/F12. All 12 function keys are on the left, where a lot of 
us learned to use them. It’s great for Functiondntensive applications. It’s 
fantastic for typing! 

Either way you get that great ZEOS Mechanical Tactile feel with the 
perfect “Click:’ 

Plus, you will also get that extra ZEOS value. Like an anti-static dust 
cover included at no additional charge. (Xir famous ZEOS 30 day Money 
Back guarantee. Full One Year Warranty, Toll Free Technical Support 
and Expedited Replacement 

policy are yours too. ,, -r-' 

Order Now Toll Free 
800423-5891 


So take your pick 
and start enjoying 
your new ZEOS key¬ 
board right away. 
Order yours now 
by calling 
800-423-5891. 



Open days, evenings and weekends. 
Fax Onlet^ Dial:612-633-2310. 

In Minnesota Call: 612-633-4591. 
MaslerCard, VISA and COD 
536 5th Avenue NW, St Paul, MN 55112 
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Aimoundi^ die Z*GASD! 

Apply Now for your own ZEOSTRevolvii^ Chai^ Account 


Send For Your ZEOS Credit Card 

Now you can send for your own ZEOS Credit Card. It 
worits just like a MasterC^ or Visa for ZEOS purchases. 

Fill out your Z'CARD Bersonal Information Or^izer 
and mail it today. We’ll give you a call as soon as your credit 
line is established! 

Mail the completed Personal Information Organizer to: 
ZEOS International 

Z'CARD Processing Center 

530 Sth Avenue, N.W., St Paul, MN 55112 

(please check appropriate box): 

□ Joini Credit with another person. Complete all information. 

□ Individual Credit but rely on income or assets of another 
person as a basis for repaying the credit requested. Complete 
ail information 

□ Individual Credit Complete sections '"a’* and “b’* only. 

Please complete all appropriate sections, providing ai feast Ovo 
years' residence and emphyment history. This will enable your 
information to be processed as quickly as possible. If you are 
self-employed, please be sure to complete section "M’' below. 

Other Credit 

Cnrd Ref^mnn! 

Bank Name Address 

a. Yftiir Ppr^fina] Infnrniation &nrrlriitf 

Other Credit 

Payftirrti RBlanr^i* 

VniirNamp Oafp itmirlh 

Arc.™ 1 nt Nn P.Yp fncB 

First Initial Last Mo. Day Yr. 

Driver^B E.icpnvNa. SlaiR Fvpirftv 

Street Apt # City State Zip 


c. Joint Personal Information 

Joint 

Namo 

Home Phone 

Month Year 

First Initial Lust 

l>uli£H nf Rtrih Social ly Niiirvhor 

Dates of 

Mo. Day Yr. 

AflHK>B.a 

Fnjm To 

Street Apt. # 

(If solf-eniployecl, see rear panel.) 

nt Emnlfivmpnl 

City State Zip 

Dale of RcsillpnH! Homn Fhnnp ( ) 

Mo. Yr. 

Mo, Yr, 

Fmi^nyvr 

Gross $ Net S 

Fmpinyv'r'ti Adrire^h 

Dal /if l?.ni nlovmotil f^«i] i Inn 

Street 

( ) 

^ ^ Mo. Yr. 

Alonlhlv Inmme 

City Stale Zip Business Phone 

Pkwlnii^ KmplDyKtr 

Gross $ Nets 

Emplnycr^i: AHflr¥>«.B 

Dales Ilf 

Employ nuwil 

Si reel 

( ) 

From To 

Ollw>'f Inmirnp 1 li.'ivft Binor nialft)... 

City Stale Zip Business Phone 

Income from alimony, child sypjrort or separate maintenance payments neki not be disclosed 
if you do nut wish to nave it considered as a basis for repaying this obligation. 

Mnnihly Inrniti^ 

d. Self-Employed Information 

HiiBincBB Name 

Gross S Nets 

Hiicrnevv AHHixm 

RelatinriBhip 

n Pfopri^lcrship D C^rporAtion D pRr+Ti^r?hip ( ) 


b. Credit Information 

Bank Account_ □ Checking DSavings 

Bank Name 

A,dHTRBB 

Di'ccffptinn nf RiiciriK-t 

Vfuir Pnulinn Tn RubIucbb .Since 

V<>ur nniiutl inenme Business' 

fmm hnsinesK nhhiial inCilme 

Ron k Arr^ii^nl H Chftrli in^ H^bv Irt^ 

{gross) (net) 

You must provide at least one of (he fulluivin^ 

1. Busmess Bank 

Bank Ntime 

Address 

Bank Loan 

Reference 

( 1 

Telephone Personal Banker^s Name 

Bank Name Address 

f'aumflnl R^ilnore 

( 1 

Bank Card 

Reftrvnce 

Telephone 

3, Fiiuindal statemt^nt on hiLUitess aiiadied. 

{EXC ak:,& hi) 

Bank Name Address 

n VfS A n Ms+Blent-jiTYi RnymEinl Rwlori^’n 
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Product Focus ■ Case Tools 


Making a Case 
for CASE 


A sk a dozen people what 
computer-aided software 
engineering is, and you’ll 
get a dozen different answers. 
G\SE tools can assist in the plan¬ 
ning, analysis, design, documenta¬ 
tion, prototyping, and construc¬ 
tion of business information 
systems, in accordance with one 
or more popular software engineer¬ 
ing methodologies. Advocates say 
that, used properly, CASE tools 
help produce correct and maintain¬ 
able software; detractors say that 
CASE tools produce nothing and 
end up as shelf ware. 

Despite the confusion surround¬ 
ing CASE, there’s no shortage of 
CASE tools. The BYTE Lab looked 
at a representative sample of those 
toots that run on the PC platform: 
DesignAid, DesignMachine and 
DesignVision, Excelerator, 
lEW/WS, MicroStep, POSE, and 
Teamwork OS/2. Reviewing CASE 
tools isn’t like reviewing, say, C 
compilers. Ultimately, the com¬ 
pilers all do the same job—trans¬ 
forming ANSI C source code into 
executable programs. But CASE 
tools tend to favor particular soft¬ 
ware engineering methodologies 
and to attack different parts of the 
software life cycle. Each, to a large 
extent, defines the context within 
which it must be judged. Table 1 
shows the methodologies and life 
cycles of each product. 




To test the products, we defined 
a sample software project, paired 
each CASE product with a BYTE 
editor, and asked each editor to 
work through the project using the 
assigned product’s methods and 
tools. Textbooks and tutorials 
often teach CASE concepts in terms 
of accounting and inventory sys¬ 
tems. But we chose a business in¬ 
formation system that’s nearer and 
dearer to our hearts: the solicita¬ 
tion, editing, and tracking of arti¬ 
cles here at BYTE. Such a system 
would enable staff members to 
share a database containing infor¬ 
mation about authors, contracts, 
and manuscripts. 

Our requirements were deliber¬ 
ately vague. Why? CASE propo¬ 
nents argue that correct definition 
of system requirements and correct 
database design are the key compo¬ 


nents of quality software. Many 
software engineering methodolo¬ 
gies address the requirements anal¬ 
ysis and design phases. In particu¬ 
lar, we wanted to examine how the 
tools can help with these critical 
parts of the software life cycle. Of 
. course, we were also curious to 
see how far we’d get toward a 
working system using each tool. 

We’ll save you the suspense: Our 
proposed system remains vapor¬ 
ware. Is that a failure of the CASE 
tools? We don’t think so. The tools, 
in general, produced specifica¬ 
tions—for a database to support our 
proposed system, and for the pro¬ 
cesses that perform transactions on 
that database. That’s valuable, espe¬ 
cially for large and mission-critical 
systems (unlike ours) that can’t be 
designed on the back of an envelope. 

The accounts that follow detail 
each editor’s experience with 
CASE tools. There’s a common re¬ 
frain in these seven accounts: The 
journey is its own reward. CASE 
suffers from unrealistic expecta¬ 
tions. Software development re¬ 
mains a tricky business, and the 
CASE vendors we spoke to don’t 
pretend otherwise. CASE tools can 
help define (or, possibly, build) 
systems, but there’s no magic in¬ 
volved. The CASE process, like 
programming, requires dedication 
and skill. 

continued 
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PRODUCT FOCUS 


CASE TOOLS 


DesignAid 

The DesignAid interface 
resembles an outline 
processor. This photo 
illustrates a context-level 
diagram embedded 
within a menu file. 
Filenames enclosed in 
brackets can be called 
using the displayed File 
Management menu. 


We've aU heard the horror stories about 
good programmers who generate only 10 
lines of working code a day. Nastec's 
DesignAid can enhance that ratio by 
helping with the organizational up-front 
work that is vital to any large software 
project. 

At first, I had expected a do-cvery- 
thing product that effortlessly modeled 
your software needs and then cranked 
out reams of faultless code—in short, 
miracle software. For the price ($6900), 
it didn't seem like too much to expect. 
But DesignAid brought me around to a 
more realistic understanding of CASE 
tools and, ultimately, a better apprecia¬ 
tion of the CASE philosophy. 

EtesignAid works a lot like an outline 
processor. You build a project in a menu 
file. It contains references, enclosed in 
brackets, that refer to disk files. Each 
nested file retains its autonomy, so that 
only the file at the top of the '‘stack" can 
be saved. This method still lets you track 
all components of a project from within 
one integrated structure. 

Once you've created a menu file, you 
might enter a reference for a top-level 
Data Flow Diagram, Bracketed file ref¬ 
erences placed within the flowchart’s 
symbols provide access to further system 
detail. The tools for drawing and editing 
symbols are adequate, and the menu in¬ 
terface is easy to navigate, but connect¬ 
ing lines and aligning symlx)ls often took 
a bit of trial and error. 

The diagraming facility supports the 
full Yourdon/DeMarco methodology. 
The Data Modeling option ($1500) gen¬ 
erates Chen entity/relationship dia¬ 
grams, and the optional Real-Time mod¬ 



ule ($1500) supports Ward/Mellor 
methodology. 

DesignAid has an Autodraw function. 
The problem is that Autodraw requires 
either a dictionary containing diagrams 
you've already drawn and validated, or a 
Diagram Description File. You create a 
DDF by entering formatted definition 
statements into an ASCII file, which you 
submit to Autodraw. In the end, it's just 
as easy to draw things yourself. I used 
validated drawings to test the Autodraw 
function. It did a creditable job, correct¬ 
ly placing objects and data flows. 

Putting DesignAid to Work 

I began our model by creating a context 
diagram showing the Article Submission 
System and how it relates to external in¬ 
puts and outputs (e.g,. Author and Art 
Department), An embedded file refer¬ 
ence in the Article Submission box re¬ 
ferred to a zem-level diagram that pre¬ 
sented an overview of the system. 
Included in this diagram were the data 
stores (Author File, Article File, and 
Contract File) and the principal pro¬ 
cesses (Solicit Article, Accept Article, 
Perform Technical Editing, and Perform 
Final Editing). Each of the processes 
also contained references to nested files. 
With this structure in place, it was easy 
to traverse the diagram hierarchy. 

The next step is to decompose flow¬ 
charts into detailed process narratives 
(pseudocode) and data structures. For 
example, one of my flowcharts contained 
an object called Article Text. To this ob¬ 
ject I attached a data structure and de¬ 
fined its elements—Text, ID, and Ver¬ 
sion. DesignAid's validation tool checks 


diagrams for accuracy and completeness 
before allowing design information to 
enter your dictionary. DesignAid checks 
for proper graphical syntax and verifies 
that, for example, the inputs to and out¬ 
puts from a child process match those of 
its parent. The process ensures that all 
objects in the diagram are defined. 

You can also build your dictionaries 
manually. In fact, you could start your 
design by defining the objects in your 
system and then create a DDF file to 
automatically generate your diagrams. 

The normalizer interrelates the data 
structures that you’ve defined and pro¬ 
duces a schema that you can easily feed 
to a relational data manager. After speci¬ 
fying all the objects in our sample sys¬ 
tem, it was a simple matter to create a 
data structure list for each object. That 
was all the normalizer needed. 1 submit¬ 
ted the structure list, and the normalizer 
returned a set of tables in first, second, 
and third normal forms, I then submitted 
the normalized output to Autodraw, 
which dutifully charted each of my rela¬ 
tional views. 

The Network Connection 
All this organizational work is a natural 
for networking, and Nastec does not dis¬ 
appoint. While some packages allow you 
to download portions of a design dictio¬ 
nary, DesignAid’s dictionaries can be 
truly shared and are thus accessible to 
everyone on the network. The adminis¬ 
trator sets access levels for each team 
member. With full access, you can view 
objects in the dictionary as well as mod¬ 
ify or delete them. Limited access grants 
usage of the dictionaries while preventing 
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CASE TOOLS 


Table 1: Each CASE tool has its awn mix of methodology and life-cycle support. 

METHODOLOGIES AND LIFE CYCLES 


CASE tool 

Hardware needed 

Methodology 

Life cycle 

Price 

DesignAid 4,3 

Any PS/2 or AT 

Yourdon/DeMarco, 

Planning, analysis. 

$6900 


compatible with hard 
disk drive, 640K bytes of 
RAM. EGA (or VGA with 
an EGA mode) or 
Hercules graphics card, 
and DOS 3.1 for LAN 
support (or DOS 2.1 if 
stand-alone), A mouse is 
highly recommended. 

Chen (optional), Ward/ 
Meilor (optional) 

design 

Data Modeling 
option: $1500 

Real-Time module: $1500 

DeslgnMachine 2,0 

AT, DOS3.0, 640K 
bytes of RAM 

DSSD 

Planning, analysis, 
design 

$1995 

DesignVislon 1.7 

AT DOS 3.0, Windows. 
640K bytes of RAM 

Yourdon, Gane/Sarson, 
Warnler/Orr, user- 
defined Chen 

Planning, analysis, 
design 

$995-52995 

Brackets 

PC, XT, AT, DOS 3.0, 
512K bytes of RAM 


Structured COBOL 
programming 

$150 

Excelerator 1.64 

PC with hard disk drive. 
640K bytes of RAM, 
mouse, graphics board 

Yourdon. Gane/Sarson, 
Chen, Merise 

Planning, analysis, 
design, construction 

$8400 

lEW/WS 

80286-based system or 
higher, DOS 3.1 or 
higher, 5 megabytes of 
RAM, 20 megabytes of 
hard disk space, 

Microsoft Mouse (serial) 
or compatible 

Information engineering 

Planning, analysis, 
design, construction 

Planning: 8625 

Analysis: $8625 

Design: $8625 
Construction: $8625 
(volume discounts 
available) 

MIcroStop 1.3 

AT 80386, PS/2, or 
compatible. 640K bytes 
of RAM, 20-megabyte 
hard disk drive, EGA or 
Hercules video card. 
Microsoft or compatible 
mouse, DOS 3,1 
through 3.3 

Yourdon 

Design, construction 

$5750, including three 
days of training (volume 
prices and site licensing 
agreements are available) 

Teamwork OS/2 3.0 

IBM PS/2 or Compaq, 

DeMarco, Ward/ 

Planning, analysis, 

$4995 


OS/2 Standard Edition 
or Extended Edition 1.1, 

5 megabytes of available 
RAM (6 if used with OS/2 
Extended Edition), 7.2 
megabytes minimum 
available on disk 

Meilor, Schlair, 
Constantine 

design 

Teamwork/RT 
module: $1600 

Optional 

maintenance: $750 

POSE 4,0 

PC or compatible, DOS 

Yourdon, Gane/Sarson, 

Planning, analysis, 

Single module: $595 


3.0 Of higher, 640K 
bytes of RAM, bard disk 
drive, two- or three- 
button mouse, CGA or 
higher, MPGl-com- 
patible plotter or 
graphics printer 

Constantine, 

Finkelstein, 

information engineering 

design, construction 

Toolkit: $1196 


any modification of them. You can also 
lock specific dictionary records or pre¬ 
vent access to DesignAid altogether, 
DesignAid can be useful for managing 
large software projects. It’s not perfect, 
of course. The normalized output works 
well as a database development aid, but I 
wish the program generated standard 
schemata that could be plugged directly 


into a database front end. Diagraming 
could be more convenient, and the proto¬ 
typing facility needs some enhancement. 

However, the company appears ready 
to plug some of the holes, Nastec already 
supports links to the Telon code genera¬ 
tor {you export DesignAid screens and 
reports, and Telon spits out the code), 
and the company’s merger with Trans¬ 


form Logic Corp. portends more integra¬ 
tion (including schema generation) in the 
future. 

I guess I’m a CASE convert, I just 
can’t imagine that dedicated use of such a 
package wouldn’t dramatically increase 
the productivity of a design team. 

—Stanford Diehl 
continued 
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DesignMachine 

and 

DesignVision 

DesignVision supports 
user-definable diagrams 
and a SQL query facility 
under the standard 
Microsoft Windows 
interface. 


Optima (formerly known as Ken Orr and 
Associates) offers a family of tools that 
support Orr's DSSD (for Data Struc¬ 
tured Systems Development) methodolo¬ 
gy. DesignVision is a diagraming took 
DesignMachine guides an analyst 
through the sequence of activities de¬ 
fined by DSSD» culminating in the defi¬ 
nition of a normalized relational data¬ 
base. Brackets is a specialized outline 
processor used to create and modify 
Warnier/Orr diagrams and transform 
such diagrams into COBOL programs* 

A DSSD analyst begins by capturing 
the views of each user of an information 
system. The analyst then merges the re¬ 
sulting entity diagrams to create a com¬ 
bined diagram that accounts for all users 
and all transactions. These diagrams en¬ 
able users to see—and to correct—the 
representation of a system. The analyst 
then focuses on the transactions, speci¬ 
fying the order in which they occur, their 
component data elements, the outputs 
that incorporate that data, the processes 
that produce the outputs, and the logical 
structure of the data. The idea is to help 
people discover what data they require 
and how often and tn what ways they in¬ 
teract with that data. A database derived 
from such analysis stands the best chance 
of serving the needs of its users, 

DesignMachine 
and the DSSD Process 

DSSD is a complex algorithm. Design- 
Machine won’t teach you DSSD, but it 
will ensure that you perform the steps in 
the proper order and that you complete 
each one before proceeding to the next. It 
also automates the production of the mul¬ 
titude of deliverables^cniity diagrams, 



process flowcharts, and database and 
output specifications—that DSSD man¬ 
dates. 

DesignMachine requires a full 640K 
bytes of RAM. 1 had to unload my net¬ 
work shell, which underscores the fact 
that, although a DSSD project is inher¬ 
ently a shared effort, there’s no multi¬ 
user support from Optima yet. 

I modeled our sample problem with 
the help of a DSSD trainer. In a day and a 
half, we worked through a portion of the 
problem and produced a normalized re¬ 
lational schema. 

One of the best things about Design- 
Machine is that it draws entity diagrams 
automatically, although they are not 
fancy. The program’s interface is a 
primitive character-based one that re¬ 
flects the mainframe style of the applica¬ 
tions that CASE took have traditionally 
been used to develop. But it does draw 
the diagrams. Consequently, you don’t 
spend time aligning bubbles and neaten- 
ing connectors. Instead, you concentrate 
on defining your system. 

The problem, however, is that there’s 
no quick way to pump information into 
the system. You create a transaction on 
one screen, specify its source on an¬ 
other, and specify its destination on yet 
another. Furthermore, you’ve got to 
document everything. You can’t, for ex¬ 
ample, add an entity called Art Depart¬ 
ment without also supplying your name 
and a one-line description of the entity. 

Even more frustrating, when I added 
the transaction Figures To Art, specify¬ 
ing Editor as source entity and Art De¬ 
partment as destination, DesignMachine 
refused to let me complete the combined 
entity diagram. Why? I hadn’t specified 


the reciprocal transaction. Design- 
Machine knew this, and it even high¬ 
lighted a proposed Art Department-to- 
Editor link; nevertheless, it forced me to 
go back and add it manually. Til grant 
that rigor is desirable, but I wished that 
the system could have been more helpful. 

The system should also be a lot more 
informative than it is. Frequently, De¬ 
signMachine prevented me from com¬ 
pleting one phase and continuing to the 
next, without explaining what I needed to 
correct. This can’t simply be attributed 
to DSSD inexperience. I worked closely 
with a DSSD expert who was stumped 
several times. 

Here is a typical example: At one 
point, I couldn’t complete the Main Line 
Functional Flow Diagram, so I couldn’t 
proceed. This diagram is a high-level 
view of a system’s functional parts—a 
Wamier/Orr diagram that you might ex¬ 
port to Brackets for further decomposi¬ 
tion. The diagram depends, I found, on 
an ordering of transactions established in 
a previous step. I had added a transaction 
without saying anything about its se¬ 
quence. But the only clue that something 
was amiss was EkstgnMachine’s refusal 
to present the menu choice that led to the 
next subphase. There was no error mes¬ 
sage; I simply poked around until I found 
the unsequenced transaction, fixed that, 
and then was able to continue. 

Despite these frustrations, I still like 
DSSD. Its premise—that users of an in¬ 
formation system must drive the design 
of that system—rings true. The method¬ 
ological approach to the solicitation and 
elaboration of users’ requirements also 
appeals to me. The real world is messy. 

coritimed 
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Secrets of 
Power 
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I. Design and build ^ur pitrgrams 
by using a simple HowcharL 
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Ffwt 


Presenting Matrix Layout 2.0 

The secret is out. The first program 
to offer you the power to create complete, 
professionai-quality software on your IBM 
PC is now more powerful than ever. Pre¬ 
senting Matrix Layout 2.0, and the secrets 
of power programming. 

The CASE of the OOP Flowchart 

Layout 2.0 is built around CASE 
(computer aided software engineering) and 
OOP (object oriented programming). CASE 
lets you create sophisticated programs sim¬ 
ply by drawing a flowchart, OOP adlows you 
to add functions by moving graphic objects 
within the flowchart. Or use the BlackBox 
Manager to install pre-programmed capa¬ 
bilities— like telecommunications or dBase 
file access — in your program. 

Secret #2: 

The Hypertext File 

Layout 2.0 offers you full hypertext 
capability, allowing you to create Hypercard¬ 
like cards containing text, graphics, buttons, 
and BlackBoxes.Then. link them to related 
cards in any file. Use your cards to create 
stand alone hypertext applications or add 
them to your flowcharts. 

Secret #3: 

Graphically Speaking 

Layout's simple graphic interface 
makes it easy to learn and simple to use. 

But more importantly it allows you to 
incorporate windows, menus, and other 
graphical elements in your own programs. 
Secret #4: 

Our CcMied Message 

Once youVe designed the functions 
you want, Layout 2.0 will automatically 


write the code (real, commented code!) in 
your choice of Turbo C . Lattice C. Microsoft 
C. Turbo Pascal, and QuickBASIC lan¬ 
guages. Or just create a .EXE file for use 
with any IBM PC. 

Secret #5; 

A Fast, Powerful Finish 

Creating complete, stand-alone 
programs with Layout 2.0 can cut your 
development time by up to 70%. helping 
you get more programming done in less time. 
And once your programs are finished, 
Layout 2.0 supplies the finishing touches 
by creating the help files and documenta¬ 
tion you need to teach your new program 
to others. 

And a 

Powerful Bargain 

For just $199.95 you get the entire 
Layout 2.0 package, including free technical 
support, and more programming power 
than you've ever had on your desktop. For 
more information, the location of your near¬ 
est Matrix dealer, or a copy of the Matrix 
Layout 2.0 VHS demonstration video (just 
59.95 for shipping & handling), call today. 

1-800-533^5644 
(in Massachusetts, 
617-567-0037) 

The secret to power programming 
is Matrix Layout 2.0. Order yours today! 

B§mAmx 

MATRIX SOFTWARE TECHNOLOGY 

BT89/12 



2, Create tlifpercard*'likt; cards, 
linked to mformation in any file. 


3, Use the Paint lool to create 
powerful gmphics and buttons. 


ih'Ttirti fil fa^U, (tSCJl'.CttJe'.at.HnuLt 

ci1m> TWt - 

' lii. IDtJ --"l!:; 


t 

u: 

iflJSJM, D-Wfis. *)] 
itii; 

inLi|., icrtBT,i»r‘i«blni ^ 11 


4. Layout creates real source code 
in five mujor Itin^uages, 




5. The end result; powerful, stand-alone 
prcgrains. 70% faster! 


Matrix Software Technology Corporation • One Massachusetts Technology Center • Harborside Drive • Boston, MA 02123 • {6171 567-0037 

Matri* Softwart/UK ^ Malrix House. Dcnriebfd Businoss ftrit * t^cmfoiid. Pts'irouth - Devon PLfi SOZ. EnalaBid ■ (I75Z.79(>.J}6J, 

Mairisi Softwanc/Eurape* GcldctiBakscbaan 476 < JGGO Leuven. Be EEium * 0162 OZOfri 
The fetlQurlntt are reauuiKil aoK^raleted cradentarlu ol ihe compaiues Itiled: Mauix LtyouL Malri;! Software rei-hjiolojtv CarparaUan > Hypereand. 

Apple ^mpuler: fBM. TiHema!kin*l Bustnes* Mwchines Cwport''Otl: Aihinip Twe. 
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Consequently, software systems that 
model the real world are hard to think 
about. I wish that DesignMachine made 
DSSD friendlier and more accessible. 

Design Vision: A New Look 
Apparently, Tm not the only one to make 
this observation. DesignVision, a Win¬ 
dows-based program, represents a new 
direction for Optima. DesignVision is an 
intelligent diagramer that contains rudi¬ 
mentary support not just for DSSD dia¬ 
grams, but also for diagrams associated 
with the Yourdon, Gane/Sarson, and 
other CASE methodologies. By rudimen¬ 
tary support, I mean that DesignVision 
can manipulate the symbols, but not the 
syntax used in such diagrams. According 
to Optima, the forthcoming version 2.0 


Excelerator 

Excelerator’s 
presentation graphs help 
users visualize an 
existing or proposed 
information system. 


Index Technology's Excelerator pro¬ 
vides a multiuser approach to the analy¬ 
sis and design of information systems. It 
offers the tools necessary to develop an 
overview of a database and an application 
that interacts with it. You can design 
functional “top-down" data-flow dia¬ 
grams using a central project dictionary. 
Excelerator also provides detailed analy¬ 
sis reports and can help you prototype 
screens and reports. 

Excelerator works in a LAN environ¬ 
ment. A system manager creates proj¬ 
ects, assigns users to project tasks, and 
assigns access levels. Users can read the 
central dictionary (if granted the privi¬ 
lege to do so), but they must mirror their 
portions of it to their own workstations in 


CASE TOOLS 


will enable users to specify rules that 
govern diagrams (by the way, it will also 
support multiple users on a network). 

The current version of DesignVision, 
although it has no knowledge of DSSD 
and so can't enforce the methodology's 
conventions, answers the need for a 
brainstorming tool that can gather a lot of 
information quickly and then feed it to 
DesignMachine. Optima hopes to make 
such exportation unnecessary; the com¬ 
pany plans to move the methodology sup¬ 
port that is DesignMachine’s raison 
d'etre into DesignVision. 

DSSD aside, DesignVision offers in¬ 
teresting capabilities. In a sense, it is a 
shell that can potentially support a vari¬ 
ety of CASE tools or, more generally, 
graphical databases. A SQL engine is at 


the heart of DesignVision, and a SQL 
query mechanism affords flexible and 
convenient access to the data dictionary. 

The symbols that can appear in the 
types of diagrams known to Design- 
Vision appear as objects in that dictio¬ 
nary. You can extend the list of sup¬ 
ported diagrams by creating new sets of 
symbols. These new symbols—which 
can be stylistic variations of existing 
symbols, or even bit maps—automati¬ 
cally become menu choices in the draw¬ 
ing system and slots in the database. 

If you are thinking about getting 
started with DSSD, wait for the next re¬ 
lease of DesignVision. What's needed is 
the right mixture of ease of use and rigor. 
Optima is moving in that direction, but 
it's not there yet.—/on Udell 



order to update the contents. 

Excelerator's presentation graphs help 
in the requirements definition phase. 
With these, analysts can help users to vi¬ 
sualize an existing or proposed informa¬ 
tion system. Unfortunately, these graphs 
don't link to the analysis modules. 

Given a set of requirements, you can 
model the data in one of two ways: by 
first building a dictionary of data records 
and elements, or by drawing a data-flow 
diagram and defining elements as you 
go. Excelerator supports Yourdon and 
Gane/Sarson data-flow diagrams and 
Chen and Merise entity-relationship dia¬ 
grams. Constantine structure charts and 
Jackson structure diagrams are both 
available to help analyze process logic. 


Excelerator provides analysis reports 
and checks for errors, such as unbal¬ 
anced levels. Although Excelerator 
doesn't enforce a methodology that leads 
automatically to the production of a nor¬ 
malized database schema, one set of re¬ 
ports tells you what you'd need to do to 
pul the tables you've defined into third 
normal form . The generic version of Ex¬ 
celerator that I worked with can trans¬ 
form database record descriptions into 
BASIC, C, COBOL, and PL/I. Other 
versions export to dBASE II or Telon or 
MicroFocus COBOL. Ail versions retail 
for $8400. 

I used Excelerator 1.84 to tackle our 
sample problem. I started by establishing 
a dictionary. I defined the records and 
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data fields and later related them to the 
diagrams 1 drew. Unlike some systems 
that lock you into completing every step, 
Exceleralor let me exit whatever I was 
doing, go to another task, and return to 
define an element whenever I wanted. 1 
also tried starling a project before defin¬ 
ing a dictionary, and Excelerator let me 
define elements whenever I was ready. 

For the most part, Excelerator lets you 
jump into a project almost anywhere in 
the system. If you see that you need a new 
process, you can add and define one on 
the fly. The same holds true for data ele¬ 
ments. That's part of the real power of 
Excelerator: You can easily update and 
modify your project. 

Not everything was easy, though. For 
example, diagraming in Excelerator re¬ 
quires a lot of patience. Although you can 
select either straight or piped connecting 
lines, Excelerator does a poor job of 
managing where they go, I spent most of 
my diagraming time redrawing crossed 
lines. Excelerator does offer a choice of 
either “system*’ or “user** ports, a func¬ 
tion that lets you or the system choose the 
point on the diagramed entity to which 
the line connects. But I found that I had 
to redraw virtually every connecting 
line. It would be better if Excelerator 
could route the connecting lines automat¬ 
ically, It would be better still if Excelera¬ 
tor could draw the diagrams automat¬ 
ically, 

Excelerator handles errors well. For 
example, a level balance check yielded 
several data-flow errors and related all of 
them back to the parent process. From 
there, it was easy to correct the problem 
by simply adding the missing data flow. 

Screen and report prototypes draw in¬ 
formation fram the data dictionary. If 
you defined all the data elements com- 
pletely, Excelerator will handle data 
fields and fUter input data automatically. 
Excelerator generates the BASIC, C, 
COBOL, or PL/I code that is necessary 
to create the screens you design. The pro¬ 
totype screens let you build a simple 
“screen data file** that you can use to 
demonstrate the screen. However, you 
can’t connect the screens; each prototype 
screen stands alone. 

Excelerator offers a powerful facility 
for querying the data dictionary, based 
on entity lists. Every element in the dic¬ 
tionary-data record, screen, diagram 
connector, and so on—is considered an 
entity. You can group entities into lists on 
which you can perform set operations 
such as union, intersection, difference, 
and subtraction. Using entity lists, you 
can answer questions like, “What mod¬ 
ules will be affected if I change the name 


of this data element?** 

Generally, Excelerator is easy to use, 
although its user interface could be im¬ 
proved, Specifically, when you have to 
provide an element or record that*s al¬ 
ready defined in the dictionary, Exceler¬ 
ator usually gives you a list to choose 
from—usually, but not always. For ex¬ 
ample, when you add a data element, you 
normally say to what record it*s at¬ 
tached. But Excelerator does not provide 
a list of the record names in its dictio- 


If you’re looking tor detailed analysis 
of the critical issues surrounding 
UNIX... if you need timely infor¬ 
mation on the products and key 
players in the industry. . .then turn 
to Dalapro Reports on UNIX Sys¬ 

tems & Software . 

Updated monthly this unique new 
information service is designed to 
help you discover the opportunities 
UNIX offers, , , decide how UNIX 
fits in your organization. , . optimize 
results while minimizing risk. 

UNIX' is a registered trademark AT&T 



nary, and if you misspell the record that 
you want the data associated with, the 
system creates a brand new record. 

The company says an upcoming ver¬ 
sion 1.9 of Excelerator will correct that. 
Otherwise, I found Excelerator to be a 
solid tool for analysis and design. Its cen¬ 
terpiece—the data dictionary—cooper¬ 
ates nicely with the analysis modules and 
features a nice query mechanism, 

—Dennis Alien 
continued 


Each month, Datapro Reports on 
UNIX Systems & Software brings 
you in-deplh analyses of everything 
new and noteworthy in the UNIX 
market. You receive the most up-to- 
date, thoroughly researched infor¬ 
mation available. Intormation you 
can put to use in planning your own 
UNIX strategies. 

Find out how much of a difference 
Datapro can make to your decision¬ 
making: call us today at 1-800- 
DATAPRO (1-800-328-2776) or 
use the reader service card. 






Avm 

TROUBLE 
FINDING ALL THE 
INFORMATION 
YOU NEED 
ON UNIX"-? 

TAKE Tt'E FIRST STEP. . 
CALL DATAPRO TODAY! 


DECEMBER 1989 ■ B Y T E 161 




















PRODUCT FOCUS 


lEW/WS 

KnowledgeWare 
lEW/WS: The Action 
Diagram details the 
processes of your system 
in a hierarchical 
structure. You can call up 
help screens at any time. 


The KnowledgeWare Information Engi¬ 
neering Workbench/Workstation (JEW/ 
WS) is a set of integrated CASE tools that 
run on microcomputers but are designed 
to develop mainframe COBOL applica¬ 
tions for the IBM MVS environment. 

These tools are designed for experi¬ 
enced analysts and developers who are 
familiar with CASE tools and who want 
to develop software products for corpo¬ 
rate environments. I stress the words ex¬ 
perienced and corporate'. The lEW/WS 
software will not teach you how to use 
CASE tools. 

The documentation is complete, and 
the program modules are replete with 
help windows, but that’s not enough for 
an inexperienced user. KnowledgeWare 
offers optional training seminars. 

The set of modules includes the Plan¬ 
ning Workstation, the Analysis Worksta¬ 
tion, the Design Workstation, and the 
Construction Workstation. These can be 
used separately or together, AH the mod¬ 
ules, except for the Construction Work¬ 
station, operate under a run-time version 
of GEM, Digital Research’s graphical 
user interface. The Construction Work¬ 
station uses a run-time version of Micro¬ 
soft Windows, 

The hardware overhead is consider¬ 
able. The lEW/WS modules require an 
80286-based system or higher^ a mini¬ 
mum of 5 megabytes of R AM (7 mega¬ 
bytes is recommended), 20 megabytes of 
hard disk space, an EGA or VGA display, 
and a Microsoft-compatible mouse. 

GEM gives modules a common, intu¬ 
itive user interface. You use a mouse to 
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access menu^b^s and pull-down menus, 
and to manipulate multiple windows. 

Planning, Analysts, Design, 
and Consiruction 

The Planning Workstation module is 
used to organize, model, and analyze 
knowledge about the goals, problems, 
functions, and resources of an organiza¬ 
tion. You can use it to model the existing 
flow of information, resources, or prod¬ 
ucts within a system or to define the 
goals of a new system. 

Information is entered into the Plan¬ 
ning Workstation via a set of diagrams. 
Decomposition diagrams display a hier¬ 
archical view of the objects in a system. 
Matrix diagrams provide a list of the ob¬ 
jects in the system and the interrelation¬ 
ship between the processes and the data 
they require. Entity diagrams provide a 
graphical display of the people, things, 
and ideas in the system. 

One of the most powerful aspects of 
the lEW/WS modules is the Knowledge 
Coordinator. It uses a built-in set of over 
1000 diagraming rules to restrict you 
from entering information that is logical¬ 
ly inconsistent or incorrect. When I was 
building my decomposition diagrams, 
the Knowledge Coordinator pointed out 
several logic errors. For example, the 
Edit Article process produced an output 
(the edited article) without receiving any 
input (the rough draft). 

This information is stored on the hard 
disk in the KnowledgeWare Encyclope¬ 
dia. The Encyclopedia contains all the 
information and the relationships be¬ 


tween the various objects in all the dia¬ 
grams. This means that the diagrams 
will always be consistent. 

The Analysis Workstation takes the 
information you entered into the Plan¬ 
ning Workstation from the Encyclopedia 
and farther refines it to create models in¬ 
corporating the data and processes and 
showing their interrelationships. 

By means of data-flow, entity-rela¬ 
tionship, and action diagrams, you de¬ 
fine what a particular area of the system 
does and how information is created, ex¬ 
changed, and modified by the processes 
in your system. This module helps you 
determine which areas in the system 
need to be automated. For example, I 
found that the Receive Article function 
could not lead directly to the Accept Ar¬ 
ticle function, so I returned to the Plan¬ 
ning Workstation to modify the design. 

The Action diagram is especially use¬ 
ful in detailing the processes of your sys¬ 
tem. It uses brackets and narrative nota¬ 
tion (brackets can be nested) to represent 
the hierarchical structure of the pro¬ 
cesses and subprocesses in your system. 

The Design Workstation also reaches 
into the Encyclopedia and, using the fur¬ 
ther refined information from the Analy¬ 
sis Workstation, models the processes 
and data in physical detail. 

You use the Design Workstation to 
build screen layouts, physical files, data¬ 
base definitions, menus, and procedural 
logic. In terms of BYTE’s fairly simple 
sample problem, I could have used the 
Design Workstation to create an Action 

continued 
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you know what the underground bargain C compiler of this year is? !t*s 
the Mix Power C compiler. For under $25 with shipping, it is one heck of a 
good compiler^ 

Victor Schneider 

Dn Dobb*s Journal, June 88 (Letter to the editor) 


*'Overall, Power C's performance is remarkable for the price. Quite 
compatible with the Microsoft C and Turbo C * 'standards' \ Power C is a 
heavyweight contender in the educational, hobbyist, and perhaps even the 
professional market — at a bantamweight price.*' 

Stephen Davis 

PC Magazine, September 13, 88 (Review) 


Technical Specifications 

PowBf C inciltdcs: Power C corrpiler with integrated Make. 
Power C Lirtker, Power c Libraries (450 functions), the Power 
G book (680 pages), and support tor... 

ANSI standard 
iEEE fioating point 
80&7/80287 coprocessor 
auto-sensing of 8O07.''8t)287 
automatic register variabios 
uniimited program sije 
mixed model (near & far pointers) 
graphics on CGA, EGA. VGA. S Hercules 
Opiional Products: 

Power Ctrice debugger 
1 ^ Library source code 
y' BCD business math 


O rder now by calling our toll free 
number or mail the coupon to 
Mix Software, 1132 Commerce 
Drive, Richardson, TX 7508t 


* 'Power C is an unbelievable product for $19.95, and is very competitive with 
Turbo C, Microsoft C, and Microsoft's new Quick C in both features and 
performance. It is excellent for the beginner who wants to learn C, or for the 
experienced programmer who wants to develop professional applications. The 
manual alone is worth the price of this package, and the generous library 
source code and assembler offer adds to the value of it. If you have any 
desire to program in C, or want a more powerful C compiler, get a copy of 
Power Cr' 

Michael Cortese 

Computer Shopper, August 88 (Review) 


"The Ctrace debugger is where Mix really shines. It is magnificent. IPs not 
only better than the stripped down debugger Microsoft includes with Quick C, 
it's better than the full debugger Microsoft provides with its high-end 
compiler (CodeView) 

David Weinberger 

Computer Shopper, November 88 (Review) 
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Diagram and layout screens and to define 
the data structure from scratch. 

Actually, 1 used the Design Worksta¬ 
tion to create menus and screen layouts 
that corresponded to some of the paper 
forms that now accompany each manu^ 
script. My design mirrored the existing 
paperwork system. 

After you've gone through all the pre¬ 
vious modules and refined your system 
design, you can use the Construction 


Workstation to generate source code. 
The Construction Workstation takes all 
the design specifications from the Ency¬ 
clopedia, adds instructions for code gen¬ 
eration depending on the type of system 
you have designed and the target com¬ 
puter system, and generates the code. 

The lEW/WS tools do not restrict you 
to one particular methodology. Rather, 
they incorporate general principles from 
many standard software development 


techniques. You are free to use Martin, 
Yourdon, DeMarco, Gane/Sarson, or 
other methodologies. 

The KnowledgeWare lEW/WS tools 
are sophisticated, powerful, and com¬ 
plex. They are tailored for mainframe 
software development. This may be the 
most comprehensive set of CASE tools 
available for creating mainframe CO¬ 
BOL applications, 

—Stan Wszola 


MicroStep 

MicroStep produces 
executable application 
programs based on your 
data-flow diagrams. 
These diagrams emerge 
through simple point-and- 
click placements of icons. 


Syscorp's MicroStep offers what many 
people expected all along from CASE 
tools: executable application programs 
generated from graphical specifications, 
MicroStep creates PC-environment C 
source code and feeds it to the Lattice 
compiler supplied with the system. 

Syscorp markets the product for busi¬ 
ness system developers, including MIS 
managers, who want to speed application 
development and bypass programming- 
department backlogs. The trade-off? It's 
a self-contained system that doesn't sup¬ 
port large-scale structured analysis and 
design, and it can't bridge to external 
data managers and software development 
environments. 

Syscorp describes the underlying 
methodology as Yourdon “with exten¬ 
sions," meaning the software shares a 
Yourdonian penchant for up-front data¬ 
flow diagraming, modeling, and analy¬ 
sis, but extends this procedure to include 
code generation. 

Syscorp's three-day training seminars 
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are held at its Austin, Texas, headquar¬ 
ters. The $5000 price of the software 
doesn't include this training, which costs 
an additional $750 (customer-site train¬ 
ing is available at negotiated rates). 

In addition to formal seminars, Sys¬ 
corp offers an accessible and helpful 
technical-support staff for telephone 
questions. Also, tutorial and training 
manuals arrive with the software. Either 
can be used as self-guided instruction 
materials. 

Taking the Plunge 

After two days of working through Sys- 
corp's comprehensive training materi¬ 
als, I felt comfortable with the inter¬ 
face’s icons and the sequence of steps 
necessary to generate code. But I needed 
further help from Syscorp’s training 
staff before I could make the leap from 
training exercises to buildii^ pieces of 
our editorial department model. 

You begin with flow diagrams that 
outline how data will pass through the 


application. Flow diagrams emerge 
through simple point-and-click place¬ 
ment of data-object and connector icons 
from MicroStep’s diagram builder. 
Some icons, such as those representing 
databases, invoices, and processes, are 
easily recognizable. Others, such as the 
subspedfication marker (a symbol that 
links to a submodule), may be unintelli- 
gible at first glance. 

Next, you define data structures by es¬ 
tablishing fields within the databases you 
created in the flow diagram. Using icons 
and dialog boxes, MicroStep coaches you 
through naming fields and notes whether 
they will hold text or numerical data. 
New fields are placed to the right or left 
of existing fields using the appropriate 
icon. MicroStep enables you to create 
data dictionaries that can be imported 
into other applications. 

Then you develop the screens and re¬ 
ports that users of your application will 
see, A simple but adequate text mode lets 
you enter copy, such as name and address 
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boilerplate fields on invoices. Text posi¬ 
tioning is a simple matter of placing an 
icon in the desired area. Once your text is 
entered, you can easily move it around 
the screen to experiment with various 
layouts. Creating formats for user 
screens is similarly flexible* Taking cues 
from MicroStep dialog boxes, you de¬ 
velop screen elements with the text mode 
or the drawing icons, which let you “rub- 
berband*^ boxes and rectangles. 

Finally, you describe the application's 
computations and processing logic using 
an Activity Builder screen that displays a 
series of menu choices that you simply 
point to and click on with your mouse* 

When you've completed your specifi¬ 
cation, MicroStep’s analyzer tells you if 
your specification is incomplete or con¬ 
tains inconsistencies. For example, in 
my author-lookup function, 1 added a 
lookup condition to flag the author-noL 
found case, but 1 failed to define it. The 
checker found the problem and told me 
how to fix it. Once you have developed 
and checked your specification, you can 
instruct MicroStep to generate and com¬ 
pile the code. 

Before you attempt to run MicroStep, 
be sure you have a full 640K bytes of 
RAM. Syscorp instructs you to remove 
network software and most TSR utility 
packages* I ran MicroStep with a 2CL 
MHz 80386 clone and was glad to have 
the power. 

The version that I evaluated (1*3) 
didn't accommodate either extended or 
expanded memory. Syscorp plans to sup¬ 
port extended memory in future versions 
but currently has no plans to address ex¬ 
panded memory. MicroStep also re¬ 
quires EGA or Hercules video support 
and a Microsoft or compatible mouse. 

The application that I eventually pro¬ 
duced was alarmingly big—nearly a 
half-megabyte, despite being a small 
piece of our sample project* (The com¬ 
pany says that it's working to reduce the 
overhead of MicroStep-built applica¬ 
tions.) And the functions and variable 
names in the generated code are cryptic* 
It's effectively object code rather than 
source code. Syscorp's approach re¬ 
quires you to maintain your MicroStep 
application at the specification level* 

MicroStep is best suited to nonpro¬ 
grammers who want to develop small- to 
medium-size database applications. The 
current version doesn't support the de¬ 
velopment of networked applications. 
The company says that future releases 
will generate applications for multiple 
users and allow multiple users to develop 
a single application .Joch 
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NOW!! A high speed stand alone copier 
for 5V4 and 3 V 2 inch diskettes 
duplicates virtually any format 


When your requirements call 
for unattended, high speed du¬ 
plication of virtually any SVi or 
inch diskette. Viaory's 
Stand-Alone V32(X} Duplicator 
is what you need. The reliable, 
desk-top design is ideal for 
both office and industrial use. 

The V32tX) features: 

’ Simple push-button operation 
* Swiichable and 514 inch 
copy drives 

■ Support for most formats in- 
chioing IBM, Apple, Amiga, 
and Atari 

■ Copy speed up to 250 


■ Batch Pressing midtiple 
jobs with different formats 
‘ Production statistics display 
* Exceptional copy quality 


Top quality copying 
Victory Du^icators actually 
improve the quality of copies 
during duplication. The V^ZOO 
validates the integrity of e^h 
master disk and verifies copies 
bit for bit to ensure quality. 
The system automatically 
sorts copied disks into an ac¬ 
cept or reject output canister* 

Do-it-yourself service 
Victory systems have built-in 
diagnostics to test and main- 
tain the system. A preventive 
maintenance indicator alerts 
you at regular intervals to 
check drive alignment and 
ckan drive heads using utili¬ 
ties included with the system. 


The modular design of the 
V32tH> and Victory's overnight 
shijpment of replacement parts 
lets you iservice the system at 
your location, avoiding costly 
offsite repair and downtime. 
Victory stands behind the 
V32(K) with a four month 
warranty. 


Call {800} 421-0103. 

And ask about Victory s family 
of affordable Autoloaders. 
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Teamwork OS/2 

Teamwork OS/2 smoothly 
integrates analysis and 
design tools into a 
windowing environment. 
The focus is on data-flow 
diagrams and DeMarco 
methodology. 


Cadre's Teamwork OS/2 has an edge on 
the rest of the PC CASE pack. It takes ad¬ 
vantage of OS/2 to provide a very com¬ 
fortable, mukiwindowed environment 
you just couldn't hope to support with 
DOS. One warning, though: The product 
likes a iof of memory—I kept getting 
memory-limit crashes on an IBM PS/2 
Model 80 with 6 megabytes of RAM 
until I set up a large swapping area on 
disk and disabled all external processes. 

Teamwork integrates three modules 
into this environment: Teamwork/SA, 
for structured analysis; Teamwork/IM, 
which supports information modeling; 
and Teamwork/SD, for structured de¬ 
sign, Our review package also included 
Teamwork/RT, an optional module that 
adds real-time extensions to SA. 

Analysis Tools 

The structured-analysis tool enables you 
to create data-flow diagrams and process 
specifications according to the DeMarco 
methodology. The primary interface to 
this system is the data-flow diagramer. 
It's a graphical editor that lets you create 
processes, stores, and terminators, and 
link them with data flows. Each store 
and data flow eventually requires an en¬ 
try in the data dictionary, but Teamwork 
does not force you to define each element 
as you draw, I was able to graphically 
sketch the data flows of the current edito¬ 
rial system in a few hours; refinements 
took several days. 

To define a data flow or store, you 
bring up the Data Dictionary Entry 
(DDE) editor. Unfortunately, each ele¬ 
ment you define requires that you fire up 



a new instance of the DDE editor, which 
quickly gobbles memory and lakes sev¬ 
eral seconds, even on a PS/2 Model 80* If 
you try to define a number of objects by 
this method, the screen quickly fills with 
DDE editor windows that each describe 
only a single element. The only efficient 
way to define multiple elements is to 
create an external dictionary with a word 
processor and import the file. 

The data-flow diagram editor sup¬ 
ports leveled DFDs, allowing you to 
create child DFDs for each process. But 
because Teamwork doesn't automati¬ 
cally balance parent and child diagrams, 
revisions are complex* Instead of just 
adding a new data flow to a parent and 
having it appear on a child process, you 
must add it to both and run a check to en¬ 
sure that the diagrams balance. Cadre, 
which promises a multiuser version of 
Teamwork OS/2 in the near future, pur¬ 
posely designed the diagramer without 
the automatic inheritance to facilitate its 
use in a multiuser environment. 

When you've broken a DFD down to 
its primitive processes, you use a text 
tool (the P-spec editor) to describe each 
primitive* A primitive process is a func¬ 
tion like Assign Article Number, which 
cannot be decomposed readily and is eas¬ 
ily described in structured English or 
pseudocode. 

Analysts working with real-time sys¬ 
tems often have special requirements not 
covered by formal DFDs. The Team¬ 
work/RT module adds control-oriented 
extensions: control flows, which are de¬ 
fined in the data dictionary; and control 
specifications (C-specs), which specify 


control-oriented processes* 

C-specs describe elements that pro¬ 
cess control flows. Their child diagrams 
are either state-transition diagrams 
(STDs) or one of three matrix types: 
state-event matrices (SEMs), decision 
tables (DTs), or process-activation tables 
(PATs). These matrices are essentially 
logic tables that describe how control in¬ 
puts generate control outputs. 

A first pass at our sample system did 
not require C-specs, so I was able to de¬ 
scribe the system adequately using only 
standard structured-analysis elements. 
RT's extensions would be most valuable 
for continuous-input, time-critical appli¬ 
cations that require building sequence in¬ 
formation into the model. 

You can look at the system model from 
another perspective with the entity-rela¬ 
tionship diagrams (ERDs) of Teamwork/ 
IM. Entities and relations are defined as 
DFD stores in the common data dictio¬ 
nary; attributes are defined as data ob¬ 
jects. This gives you a link between the 
ERD and the DFD through the data dic¬ 
tionary. 

Key attributes of each entity in the 
data detionary are specified with simple 
syntax; adding a to the beginning of 
an attribute name designates it as a key. 
You can specify both logical and physical 
attributes (e.g., field length). 

Teamwork/I M won't normalize your 
data model for you, but the checking fa¬ 
cility can point out the changes that a 
normalized model would require* The 
checking facility produces helpful, clear 
report files, and you can also set the 

continued 
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“A PC based CASE too! 
under Microsoft* Windows” 


System Architect, 
a new standard for CASE 
price and performance. 



PERFORMANCE 


Multiple Methodology Support. Data Flow - DeMarco/Yourdon, Gane 
and Ward & Mellor(real-time); Structure Charts; Entity Relation Diagrams; 
Decomposition Diagrams; Object Oriented Design (optional); State Transition Diagrams; 
Flow Charts: Presentation Annotation. 

Data Dictionary/Encyclopedia. Comprehensive Data Dictionary/Encyclopedia 
integrated with diagraming capahilities of the package; Open architecture with dBase 111 
Plus^!^' file formats (dBase II! Plus nor required). 

Microsoft^ Windows. A user friendly standard interface, in a windowed mouse driven 
environment with drop down menus and pop up windows. (Chosen by IBM to he the basis 
for the OS/2 User Interface). 


Network Version. Available with complete record and diagram locking: Novell; 
Start AN; 3Com and others. 



Arcbi-tfrcT - Otder Praaessing 


Strvitstg Pityrm OattOict lUtw Edit 0FD-<8 
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P^ocIijgIA 




User Defined Attributes 
Requirements Tracking 
Test Plan Tracking 
Change Requests 
Rules and Balancing 
Automatic Leveling 
On-Line Reporting 
Import/Export Capability 
Graphic Clipboard 
Context Sensitive Help 


PRICE 

$1395 for first copy; volome discounts to $895 for 51st copy. 
30 day money back guarantee. 


System Configuration: IBM'^ PCs and compatibles, Micrasofr^- Windows, 640K 
main memoT>', 10 MB Hard Disk recommended. Microsoft’^ Window's compatible input/ 
output devices. 



POPKIN 

SOFTV^ARE SY STEMS 
lNCORi\>RATEn 


111 Prospect St., Suite 505 

Stamford, CT 06901 

(203) 323^3434 FAX (203)327^7652 


System Architect Itigo is a trademark of Ptipkin Sofiiaare S: Systems Incorporated. IBM is a registered trademark of IBM 
Corporation; Microsoft is a registered trademark of Microsoft Corporation: dBase III Plus is a trademark of Ash (on-Tate i 
3Com is a trad e mark of 3Com Cor p .; NoveU is a tradem a rk of Novell Inc. A ll specifications and prices are subject to change 
without notice at the sole discretion of the company. Product delivery is subject to availabilltv. 











































































► 


PRODUCT FOCUS 
CASE TOOLS 


thoroughness of each check. 

Although 1 started with the SA tool 
and continued with IM, no sequence is 
enforced. IM generally leads you to nor¬ 
malized data, while SA and RT properly 
define your process requirements. Inte- 
gration between the three analysis tools 
(SA, RT, and IM) is solid. You can bring 
up a window containing a related ERD 
from a store on a DFD, and you can ac¬ 
cess the dictionary entry for any diagram 
element from a pop-up menu. All the 
modules work from a single model data¬ 
base; you can find all occurrences of 
each DDE with a query facility. 

One soft spot in Teamwork *s integra¬ 
tion is that elements are linked only im¬ 
plicitly, by name. If you change the name 
of an element, it loses its associated DDE 
and all its links. 

Structured Design 

The result of the analysis phase is a 
specification document, in the form of a 
single data dictionary and the various 
process descriptions. Teamwork’s fourth 
module, Teamwork/SD, aids the de¬ 
signer in converting the specification 
document into a workable design. 


Teamwork/SD follows the Yourdon/ 
Constantine design methodology. It 
makes use of structure charts (SCs) and 
module specifications (M-specs), which 
describe how program modules relate 
and what functions they perform. 

The designer’s link between analysis 
and design is the data dictionary. The 
dictionary’s store definitions define 
data-oniy modules in the SC, and data- 
and control-flow definitions define SC 
couples. All the process descriptions 
from the analysis phase can be viewed, 
but they have no link to the SC or the M- 
spec except through the common data 
dictionaty. This is another of Cadre’s de¬ 
sign choices. The company believes that 
automatic process diagram conversion 
does not lead to effective designs. 

The final result of structured design is 
the structure chart and the M-spec that 
describes each module. Ideally, each 
module will be single-functioned and as 
independent as possible. Because the 
store definitions from the data dictionary 
loosely represent a database schema, 
both data and process descriptions can be 
passed to the implementation phase. 

In addition to the analysis and design 


modules. Teamwork OS/2 also includes 
Cadre’s IPSE toolkit. The toolkit lets 
you access all the entities in the Team¬ 
work central database with external 
code. It also lets you customize menus in 
the environment. The combination lets 
you build in your own custom functions. 
Cadre offers a library of user-contrib¬ 
uted functions written with IPSE at no 
charge. 

There are some nice extra touches: 
automatic generation control, status 
labels for system objects, and a “baselin¬ 
ing” facility that lets you lock in a model 
version are among them. There are also a 
few rough edges: Screen updates arc not 
very clean, and the mouse interface runs 
counter to standard Macintosh, Win¬ 
dows, and Presentation Manager con¬ 
ventions. 

Overall, Teamwork OS/2 is a sharp 
package. Multiuser support through 
LAN Manager will make it even sharp¬ 
er. Any design or analysis team with a 
firm background—and a firm belief—in 
DeMarco and Yourdon methodologies 
would do well to give Teamwork a close 
look ,—Apiki 

continued 


Computers For The Blind 

Talking computers give blind and visually impaired people access to 
electronic information. The question is how and how much? 

The answers can be found in “The Second Beginner's Guide to Personal 
Computers for the Blind and Visually Impaired” published by the National 
Braille Press. This comprehensive book contains a Buyer’s Guide to talking 
microcomputers and large print display processors. More importantly it 
includes reviews, written by blind users, of software that works with speech. 

This invaluable resource book offers details on training programs in 
computer applications for the blind, and other useful information on how to 
buy and use special equipment. 

Send orders to: 

National Braille Press Inc. 

88 St. Stephen Street 
Boston, MA 02115 
(617) 266-6160 

$12.95 for braille or cassette, $14-95 for print. ($3 extra for UPS shipping) 

NBP 15 a nonprofit braille printing and publishing house. 
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Text Editor 


This text editing program— 
including pull-down menus, 
scroll bars, and all other 
Windows items—was created with 
just two lines of Actor code. 


Actor” is the fastest, easiest wsy to develop applica¬ 
tions for Microsoft* Windows. The reason—Actor’s 
reusable toolkit of objects such as dialog boxes 
and edit windows. It more than 
doubles your overall productivity, 
making Actor an essential part 
of any Windows development 
project. 

A full-featured, interactive, 

Windows-based programming 
environment, Actor provides 
immediate compilation, inter¬ 
active testing, and source-code 
debugging. You can use it to 
produce fast .standalone applica¬ 
tions that support all Windows 
features, including Dynamic 


Data Exchange (DDE) and expanded memory. 

Actor is a powerful, pure object-oriented pro¬ 
gramming language. It’s all you need to develop 
complete Windows applications. 
You also have the option to 
dynamically link Microsoft C 
code to your Actor program. 

Either way, it’s the fastest way 
to produce everything from proto¬ 
types to complete development 
projects. No wonder so many de¬ 
velopers are already using Actor, 
Call us now for more 
information. 

The sooner you do. the sooner 
you can speed upyoMr Windows 
development work. 
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These two lines of Actor code are alt it took to 
produce the Waidows text editing program 
see almve. Just think what you can do with a few 
more tines. 


The Whitewater Group * 

600 Davis Street 
Evanston, Illinois 60201 U.S.A, 

(312) 328-3800 
FAX (312) 328-9386 

(800) 869-1144 


Two New Products 
For C QT Actor Programmers 

WinTrieve^” 

ISAM indexed file manager. Only $395, no royalties* 

Whitewater Resource Toolkit 
Edit dialog boxes, bitmaps, icons and more* Only $195. 
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POSE 

POSE’S data-flow 
diagramer in action. 
Materials (in this case, an 
article) flow in from the 
external entity (an author) 
at left to be processed at 
step 1. Upon receipt of 
the article, data flows out 
of process 1 to update 
data stores at right. 


If I may be allowed a pun, POSE (from 
Computer Systems Advisers) is impos¬ 
ing. It comes in a stack of plastic boxes— 
each with disks, a tutorial manual, and 
user's guide—that stood as high as the 
tower 80386 system I ran everything on. 
If you install the entire system, youMl 
need about 10 megabytes of free disk 
space and most of a morning. 

However, one of POSE's strengths is 
that you don’t necessarily have to buy the 
whole thing. In fact, the company pro¬ 
motes the purchasing of POSE module 
subsets. The nine components of POSE 
(which stands for Picture-Oriented Soft¬ 
ware Engineering) fall into two groups: 
the data method and the process method. 

Members of the data method group are 
the data model diagramer (DMD), the 
data-model normalizer (DMN), the logi¬ 
cal-database designer (LDD), and the 
database aid (DBA). You use these mod¬ 
ules to design and analyze the data you 
need to manipulate. How that data is 
manipulated is left to the modules in the 
process method group: These modules 
are the data-flow diagramer (DFD), the 
structure-chart diagramer (SCD), the de¬ 
composition diagramer (DCD), and the 
action-chart diagramer (ACD). 

The Data Modelers 

DMD is the heart of POSE's data method 
modules. This is where you do your actu¬ 
al database design. You design graphi¬ 
cally; entities are labeled boxes, and re- 
lationships are connecting lines 
anchored to the boxes by special symbols 
that indicate the type of relationship 
(e.g. , one-to-many and one-to-one). You 
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“crack open” an entity by pointing and 
clicking, which lakes you to that entity’s 
attributes-definition screen. Here you 
enter the attribute names, and a point- 
and-click on an attribute name takes you 
to a screen where you describe the details 
of an attribute (e.g., numeric or alphanu¬ 
meric, field width, and so on). 

Once you’re satisfied that you have 
properly defined your database with 
DMD, it’s time to normalize the data¬ 
base. DMN requires that you enter the 
functional dependencies of attributes 
within entities. Then you hand it your 
data model and push a button, and out 
pops a structured listing of your normal¬ 
ized database, along with any inaccura¬ 
cies or inconsistencies that DMN was 
able to locate. If DMN finds errors, you 
have to return to DMD, fix them, and 
have another go at normalization. 

When I first fed my model to DMN, 
the output showed a number of attributes 
tagged as foreign keys. I investigated 
back in DMD, and I found that I had im¬ 
properly designated a pair of relations. I 
made the correction, reran DMN, and all 
was right with the world. 

LDD deserves a better name. Perhaps 
“transaction analyzer” would be more 
suitable. The idea is this: Now that you 
have designed your database, can it sup¬ 
port the transactions that your project 
will generate? Where DMD let you 
model the database, LDD lets you model 
the transactions on the database using 
transaction usage maps. 

ATUM is a window onto a portion of 
the database, consisting of entities from 
the database connected to one another 


via access paths. Each access path indi¬ 
cates an operation on its destination enti¬ 
ty. So, using our scenario, the transac¬ 
tion corresponding to logging in an 
article would modify the article entity, 
and the article entity would be connected 
to the contract entity by an update access 
path. This update path represents the 
modification to the author’s contract 
data made when an article is received. 

LDD’s real power comes from its load 
analysis. As you build access paths, you 
set up ratios that determine how many ac¬ 
cesses of the destination entity would be 
“triggered” by an access on the source 
entity. Using LDD, you might discover 
potential bottlenecks that will require 
optimization of the database. 

When all the database analysis is done 
and it’s time to hand your programmers 
something to work with, you run DBA. 
The DBA module generates source-code- 
ready schemata for a number of the more 
popular database systems. My system 
came with dBASE II, SQL/DS, ADA- 
BASE, and FOCUS. 

The Process Modelers 
The process-oriented modules aren’t as 
tightly integrated as the data-oriented 
ones are. DCD is little more than a con¬ 
trolled drawing program. With DCD, 
you can create hierarchical diagrams of 
programs, data files, or even chain-of- 
command trees. This is a good place to 
organize ideas, to determine what mod¬ 
ules you must link together to create a 
final program, or to build an organiza¬ 
tional chart. But DCD doesn’t communi¬ 
cate with the data dictionary; any graph- 
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(OMI’WN 

INFORM MION 

Cadre Technologies, Itic, 

Nastec Corp. 

(Teamwork OS/2 3.0) 

(DesignAid 4.3) 

222 Richmond St. 

24681 Northwestern Hwy. 

Providence, RI02903 

Southfield, MI 48075 

(401)351-5950 

(800) 872-8296 

Inquiry 1071. 

Inquiry 1075* 

Computer Systems Advisers, Inc. 

Optima, Inc* 

(POSE 4.0) 

(Design Vision 1.7, 

50 Tice Blvd. 

DesignMachine 2.0) 

Woodcliff Lake, NJ 07675 

1300WoodfieldRd. 

(800) 537-4262 

Schaumbmg, IL 60173 

(201)391-6500 

(312) 240-1888 

Inquiry 1072. 

Inquiry 1076. 

Index Technology Corp. 

Syscorp International, Inc* 

(Excelerator 1.84) 

(MicroStep 1.3) 

One Main St. 

9420 Research Blvd., 

Cambridge, MA 02142 

Suite 200 

(617)494-8200 

Austin, TX 78759 

Inquiry 1073. 

(512)338-0591 

KnowledgeWare, Inc* 

(lEW/WS) 

3340 Peachtree Rd. NE 

Atlanta, GA 30026 
(404) 231-8575 

Inquiry 1074. 

Inquiry 1077* 


ics package would do. 

DFD helps you analyze how you will 
be using the database you designed over 
in DMD. Using DF1> to manipulate net¬ 
work diagrams, you define what pro¬ 
cesses youUi need and how they fit to¬ 
gether. Data or materials flow into a 
process, the process manipulates the 
data, and the results flow out to be 
worked on by subsequent processes. 
What you end up with is a diagram of 
your project’s circulatory system. 

It is not necessarily the case that you 
begin using POSE with DMD. POSE is 
more informal than that. You might be¬ 
gin by using DFD to simulate how your 
application works—what processes it 
consists of—and from that determine 
what data to put in your model. 

SCD decomposes programs into their 
composite modules and diagrams the in¬ 
teraction between those modules. Where 
DFD represents sequence, SCD repre¬ 
sents hierarchical structure. 

ACD is a top-down pseudocode gener¬ 
ator. It handles pseudocode in “brack¬ 
ets” that enclose procedures. There is a 
connection between ACD and the rest of 
POSE. You can create a procedure that 
accesses a data file by inserting a “DB- 
Box.” The DB-Box needs to refer to one 
of the entities you defined way over in 
DMD, and, sure enough, ACD offers a 
menu from which you can select from a 
list of the entities defined there. 

The Screen Report Prototyper Is the 
module that POSE includes in both its 
data method and process method groups. 
SRP provides a means of rapidly devel¬ 
oping prototype entry screens or reports. 
SRP draws information from DMD so 
that as you construct a screen display, 
you can keep track of field widths and 
data types. The results are handy for 
users and programmers alike: the mock- 
up gives users an idea of how data-cntry 
screens will look when the program is 
complete, and programmers know what 
to work toward. 

The POSE system is consistent. Once 
you’re at ease working in one module, 
you won’t have any trouble mastering the 
mechanics of the next module. POSE ran 
smoothly on my Tangent 33-MHz 80386 
system, which probably favorably influ¬ 
enced my impression of it. Why? Be¬ 
cause I often found myself hopping back 
and forth between modules, and with all 
that speed, there wasn’t much delay. 
POSE may not be so swift on a 12-MHz 
AT. POSE would certainly benefit from 
a multitasking operating system like 
OS/2, where you could have several win¬ 
dows open simultaneously. 

—Rick Grehan 


T he key term in the phrase “com¬ 
puter-aided software engineer¬ 
ing” is “aided.” The current 
generation of CASE tools pro¬ 
vide aid in the form of a data dictionary 
that describes the components of a soft¬ 
ware project as it moves through its life 
cycle. If you’re developing a large infor¬ 
mation system, you may find that using a 
CASE tool to establish and maintain such 
a dictionary helps you to analyze the sys¬ 
tem and keep track of its components 
during design and implementation. 

But which CASE tool? The choice 
hinges, primarily, on methodology—on 
the techniques employed to acquire and 
organize the information stored in the 
dictionary. If you already favor, say, De¬ 
Marco or DSSD methodology, you may 
want to look at DesignMachine or Team¬ 
work OS/2. But if you’re new to CASE, 
you’ll need to explore the different meth¬ 
odologies and determine which suits 
your needs. Talk to practitioners. For a 
more complete list of CASE products, see 
"A CASE Workshop” in the April 
BYTE; the vendors listed there will put 
you in touch with users whose experi¬ 
ences you can tap. 

CASE tools are expensive, but if you 
use one, you’ll find that your investment 


in the underlying methodology—the cost 
of training and the overhead involved in 
applying the techniques—far outweighs 
the cost of the tool. 

After methodology, consider your tar¬ 
get platform. Systems oriented toward 
the development of mainframe COBOL 
applications (e.g., DesignAid, Design- 
Machine, lEW/WS, and Excelerator) 
may not be appropriate if you ’re develop¬ 
ing multiuser LAN applications for the 
PC. A product that targets the PC, such 
as MicroStep, won’t be much help in a 
mainframe environment. Again, we rec¬ 
ommend that you talk with users engaged 
in projects similar to your own. 

Finally, consider the phase of your de¬ 
sign/analysis cycle that would benefit 
most from CASE. lEW/WS can carry 
you neatly from corporate philosophy to 
COBOL, but every user won’t need 
every module. MicroStep, on the other 
hand, will limit you to the design phase. 

CASE isn’t magic. It’s a way to help 
manage the complexity of large-scale in¬ 
formation systems. The tools, like the 
methods they implement, aren’t final 
solutions; they’re aids. Approach the 
subject with reasonable expectations, 
and you’ll benefit from the assistance 
that CASE tools can provide. ■ 
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^Access Micro Systems... 
Custom Assembied. 


THE POWER. 

ACCESS -proven, powerful 
systems, with thousands in use 
today, ACCESS is the centerpiece of 
your computer-office management 
system. ACCESS reduces your 
workload- increa ses product iv ity. 

Call CMO about the ACCESS 
306/20 Tower system, rated 32% 
faster than the Compacj 386/16. 

800 - 233-8950 



• 16-bi! S0286 Main System Board Pnicessor, 

• Dual fi'12 MH/ switchable CPU speed, ^ 

• 512K RAM. e\parids to 4MB on 
motherboard 

■ Eight slots; (646 hit, 2-8 bit) 

• Supports 80287 Math Coprocessor. 

• One parallel, serial and game port. 

• 102-key "AT" style enhanced keyboard- 

• 1.2MB Hi-densit)’ 5.25" floppy disk drive 

• Five Vs height drive bays. 

• Western Digital 2; 1 interleave controller 

• 220 watt high capacity power supply, 

• Desktop case with Turbo and Power LED 
Display, keyboard lock, hardware and 
Ttirbo switch, 

• Norton SI Rating V4.0: 15.3. ^ 

• Industry standard Phtienix compatible BIOS, n 

• One and Zero Wait State operations. 

• Ctuck'Calendar with Battery Back-up. 

• Monitor not included in above price. If 

aiyfuhbk in stmU foot^rini and Tmvr case. ^ 
See char! for Video and Hard Drive Options. 

I . - pf-yt laa 



16-bit S02S6 Main System Board. 

Dual 10i'2D MHz switchable CPU .speed. 
1MB RAM. expands to SMB on 
motherboard. 

Eight slots: (6-16 bit, 2-8 bit) 

Supports 80287 Math Coprocessor. 

One parallel, serial and game port. 

102-key' "AT" style enhanced keyboard, 
L2MB Hi-density 5.25" flopp)’ disk drive 
Five Vj height drive bays, 

W'estern Digital 2:1 interleave controller, 
220 watt high capacity power supply. 
Desktop case with Turbo and Power LED 
Display, keyboard lock, hardware and 
Turbo sw'ilch. 

Norton SI Rating V4.0: 22.5. 
industr)’ standard Phoenix cnmpatible BIOS 
One and Zero Wait State operation. 

Clock/Calendar vvilh Battery Back-up, 
Monitor not included in above price. 

A/s<3 ai^tiloble iu liJiivr cast'. 

See chart far Video and Hard Drive Options. 


CUSTOMIZE YOUR ACCESS 2S6- 


Select any of the Video and Hard Drive 
options and allow us to CUSTOM 
CONFIGURE Your ACCESS 286 System. 
_ (Add to the base price above) 


Mono 


EGA 


VGA 


40MB-28ms 80MB-28nis l59M&-23ms 


$599jOO 


$899.00 


S999.00 


5799.00 


$109900 




imm 


SJ699.00 


51799,00 


ASSEMBLED * TESTED • GUARANTEED 
FREE ACCESS Softw'are Utilities Provided. 


THE FLEXIBILITY. 

Your ACCESS system is custom- 
configured to fit your needs, your 
work style, and your budget. Your 
hand-assembled system is put through 
an exhaustive technical checklist and 
bench-tested a grueling 48-hours to 
insure that your system will work the 
first time-every time. To order call 
today; 

800 - 233-8950 


$1595 



• l6-bil 80286 Main System Board, 

• Dual 10^25 MHz .switchable CPU speed. 

• 1MB RAM. expands to 5MB on 
motherboard, 

• Eight slots:(6-16 bit, 2*8 bit) 

• Supports 80287 Math Coprocessor, 

• One parallel, serial and game port. 

• 102-key "AT' style enhanced keyboard, 

• 1.2MB Hi-density 5.25" floppy disk drive 
■ Five Vj height drive bays 

• V'^’Stem Digital 1 :1 mlerleave controller. 

• 220 watt high capacity pow'er supply. 

• Desktop case with Turbo and Fewer LEl> 
Display, keyboard lock, hardware and 
Turbfj switch. 

• Norton Si Rating V4.0; 3) ,6. 

• Industry standard Phwnix compatible BIOS. 

• One and Zero Wait State operations, 

• Clock/Caiendar with Battery' Back-up, 

• Monitor not included In above price, 

A/Sff available in Ttm.vr case. 

See chart for Video and Hard Drive Options. 



Computer Mail Order, Since 1981—Lozu Prices^ Large Selection, Fast Service. 
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Money Back Guarantee 
3 Year Warranty. 


THE CONFIDENCE. 

Wc offer what the competition 
doesn"t-a S-year Limited warranty on 
parts, free technical support and 
computer consultant toll-free 
'hotlines"-where you 11 receive clear 
answers to any ACCESS questions. 
Co ahead, give us a try: 

800 - 233-8950 



Access 386/20 


• 32-bit 80386 Main System Board. 

• Switchable 6i8/20 MHs: CPU speed 

• 1MB RAM. expands to 10MB on 
motherboard, 

• Eight slots: (1-32 bit, 5-16 bit, 1-0 bit). 

• Supports 80387 Math Coprocessor, 

• One parallel, serial and game port. 

• 102'key "AT" style enharced keyboard. 

• 1.2MB Hi-density 5.25" floppy disk drive. 

• Five height drive bays. 

• Western Digital 1:1 interleave cimiixrller. 

• 220 watt high capacity power supply. 

• Desktop case with Turbo and l\iw^er LED 
Display keyboard lock and hardiivare 
switch, 

• Norton SI Rating V4.0: 24.0. 

« Industry standard Phoenix compatible BIOS 
■ Zero Wait State operation. 

• Clock/Calendar with Battery Back-up 

• Monitor not Included in above price. 

• 32K Static Cache Memory foptional). 

A/si? in Ttnver cusc- 

See chart for Video and Hard Drive Options. 


CUSTOMIZE YOUR ACCESS 384 

Select any of the Video and Hard Drive 
options and allow us to CUSTOM 
CONFIGURE Your ACCESS 386 System. 

(Add to the base price above) 



80Mfr-28ms 

159MB-23[n5 

33SMB-18ms 

Mono 

f799.00 

$1399.00 

$1899,1)0 

EGA 

STOOO 

S1699.00 

S2199.00 

VGA 

11199.00 

$1799.00 

$2299,00 


ASSEMBLED * TESTED - GUARANTEED 
Free ACCESS Software Utilities Provided. 


TNE PRICE. 

Check our features* Check our 
competition. 'Vbull receive not only 
the amazing price, but a full 30-day 
money-back guarantee - no 
questions asked when you order 
an ACCESS Micro System, Call 
Today: 

800 - 233-8950 


$3795 



32-bit S03S6 Main System Bciard. I 

Swjtchable 6/0/16 MH^ CPU speed, 
f 1MB RAM, expands to TOMB on 
motherboard, 

» Eight slots; (1-32bit, 5-16 bit, 1-8 bit), 

’ Supports 80387 Math Coprocessor. 

* One parallel port, serial and game port. 

' 102-key 'AT' style enhanced keyboard, 

’ 1.2MB Hi-density 5.2S" floppy disk drive. 

' Five Vi height drive bays. 

' \rtfestern Digital 1:1 interleave controller. 

■ 220 watt high capacity power supply. 

' [>esktop case with Turbo and Power LED 
Display keyboard lock, and hardware 
switch 

' Norton SI Rating V4.0: 18*7 
' Industry standard Phoenix compatible BIOS, 
f Zero Wait State operation. 

' Clock/Calendar with Battery Back-up. 

■ Monitor not included in above price. 

A/so atmilabk in Tbitiier case. 

See chart for Video and Hard Drive Options. 



• 32-bit 80386 Main System Board, 

• Switchable 6/8/33 MH^ CPU speed. 

• 1MB RAM expands to 16MB on 
motherboard. 

• Eight slots:(1-32 bit, 5-16 bit, l-S bit) 

• Supports 30387 or Weiiek Math 
Coprocessor. 

• One parallel, serial and game port. 

» 102-key 'AT" style enhanced ke\’board 

• 1.2MB Hi-density 5.25" floppy disk dri%e. 

■ Five W height drive bays. 

• Western Digital 1:1 interleave controller. 

• 220 watt high capacity power supplv. 

■ Desktop case with Turbo and Power LED 
Display, keyboard^lock and hardware switch. 

• Norton SI Rating V4.0: 40.1, 

• Industry standard Phoenix compatible BIOS. 

• Zero Wail State operation. 

• Clock/CaiendaT with Batter}' Back-up 

• Monitor not included in above price. 

A/so avaiiabk in Toiier Case. 

See chart lor Video and Hard Drive Options. 



Computer Mail Order. Since 1981—Low Prices, Large Selection, Fast Service. 

Circle 64 on Reader Sen^ice Card Al 12 









































CMO And 
Aeeess Mien System 



A€€ESS TURBO 
XT/10 


* 8-bh 8088 Miin System Godrd. 

* Dual 4.77/10 MHjr swttthable CFU spe^d. 

* ^12KB RAM, expands In &40KB nn motherbDaFdj 

* Eight 8-bit sinls. 

* Supports B087'10 Math Coprocessor. 

* One parallel port, serial port and game port. 

* 102-key ’AT' style enhanced keyboard 
' 360KB 5,25" floppy disk drive. 

* four ^ height drive bays. 

* Dual floppy controller, supparls 72flK format. 

■ 180 watt high capacity power supply. 

■ Desktop case with Turbo and Power LED 
Display, keyboard lock, hardware and 
Turbo Switch. 

- IBM XT compalible ERGS BIOS. 

* Clock/Calendar with Battery Back-up. 

■ Monitor not included. 

Lcru’ pnJ/r/e rtiSr aiaiinfifr. 



F*;! 


30 Pay Money Back Guarantee 
1 Year Limited Warranty. 


$539 


See chart below for Video and 

Hard; Drive Options for 

ACCSSS Turbo XT/10 in I'nuliase J’rice} 



1 Floppy 

20MB-65m 

40MB-28ms 

Mono 

$139.00 

$409.00 

$589,00 

CCA 

$339,00 

$599,00 

$m.m 

EGA 

$499,00 

$769,00 

msm 


The Workstation 


In addition to operating as a stand 
alone computer system, the ACCESS 
Turbo XT/10 is an ideal solution for sf- 


your multi-user applications. The 
ACCESS Turbo can be configured as a 
\Atorkstation on the Novell, 3Com, Unix 
and Xenix environments. Cali TOLL 
FREE fO0-233-89SO and talk with our 


trained and authorized sales and 
support staff. Look at our Networking 
section for a sample of products offered 
in the Novell Networking Arena. 



ACCESS 386/20 TOWER 


WETWORKIItG 

ACCESS 3&6/2(} Tower File Server with 2MB, 
lOMHz, 512K Workstations, Monochrome 
Displays, Arcnet Interfaces, 

Loaded Novell Net ware . 

ASSEMBLED • TESTED • CERTIFIED 

Ready to Turn ONE 

4-U5cr 40MB Server ELS I . . .$6,899.00 
6-User 80MB Server ELS II . $9,699.00 
8-User 159MB Server ELS II $12,499.00 

For larger systems call iis. We can 
custom configure any size network. 

Call Our Trained Networking 
Staff To 1 lelp You Today, 

Novell Software 

ELS 4-User Level 1.$549.00 

ELS Level-Il V2.15.$1,299,00 

Advanced NETWARE 286 V2.1. . .$2,399.00 
SFT NETWARE 2S6 V2.15,... .. .$3,499.00 

Interface Cards 

ARCNET (S-bit) PC/XT.$129.00 

ARCNET (16-bit) 286/386.$299,00 

ARCNET MCA PS/2. $299.00 

Active Hub.$299,00 

E'rHERNET (S-bit) PC/XT.$239.00 

ETHERNET (16-bit) 286/386.$289.00 

ETHERNET MCA PS/2........... .$359,00 

Standard Micro Systems,..^. .Call 


■ 32-bii 80386 Main System Board 

■ Dual 8/20 MH/ switchable CPU spaced. 

' IMB 32-bil DRAM subsystem. 

* System memory expandable to 9MB. 

’ Eight stntsi Two BZ'Bit, Five 16-Bit, One S-Bit 
’ 8MH7 bus clock, wait slate selectable. 

' Supports 803S7 Math Coproeessor. 

' One parallel purl and two serial ports. 

' 102-key ^AT" style enhanced keyboard, 

* 1.2MB Hi-density 5 25" floppy disk drive. 

^ Five Vj height drive bays. 

' Western Digital 1:1 interleave controller. 

' niO watt high capacity power supply. 

' Vertical Tower case with Turbo and Power LFD 
Display, keyboard kKk, hardware and 
Turbo switch 

' COMPAQ compatible, 32% faster than 
COMPAQ 386. 

' Undmark V0.9gr 26,5 - 273 
' Norton St Rating V4,0' 22,5, 

' 64K Bios, setup and diagnostic utility builMn. 

' Zero Wail State Operation. 

' Oock/Calendar with Badery Back-up. 

Monitor not included- 


t 


$2099 


Set chart for Video and Hard Drive Options for 
ACCESS 386/20 Tower (Add Tis Purchase Prkel 



€MB-2Sms 


jJBMBlSms 

Mono 

$599,00 

$l399iK) 

$1899.00 

EGA 

$899,00 

$1699.00 

$2199.00 

VGA 

smm 

$1799.00 

$2299.00 


ACCESS Software Utilities Provided. 
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. Price and Power! 



ACCESS Turbo XTflO SOSS Computer. 
512K RAM installed on the Motherboard, 
20MB Hard EHsk Drive w/controller. 

360K 5.25'" floppy disk drive. 

102-key "'AT' ^yle enhanced keyboard. 

Brother HR-20 

Daisywheel 20cps print speed. 

Secretary Monitor 

Monochrome TTL display and adapter. 
12" diagonal screen display. 

Secretary Software. 

PFS: Write 


$1299 


ACCESS 3S6/16MHZ Computer. 

1MB RAM installed on the Motherboard, 
40MB Hard Disk Drive w/controller. 
1.2MB 5.25" floppy disk drive, 

102-key "AT" style enhanced keyboard. 

Hewlett-Rickard LaserJet [1 
8 Page per minute. 

Publisher Monitor. 

Monochrome VGA RatSquare Display. 
14" diagonal screen display. 

Publisher Software 

PFS: First Publisher ^ j 


THE COLLEGIAN 

THE ACCOUNTANT 

ACCESS Turbo XT^IO Computer. 

512K Ram Installed on the Motherboard. 

Dual 360K 5.25"' floppy disk drive, 

102-key ""AT' style enhanced keyboard. 

One parallel, serial, and game port. 

Epson LX-810 Printer. 

9-Pin, impact dot-matrix. 

Collegian Monitor. 

Monochrome TTl display and adapter. 

12" diagonal screen display. 

Collegian Software. 

PFs: First Choice. 

ACCESS 286a2MHz Computer. 1 

51ZK RAM installed on the Motherboard. 1 

40MB Hard Disk Drive w/controller. 1 

1,2MB 5.25" floppy disk drive, 1 

102'key "AT' style enhanced keyboard, 1 

Espon FX4050 Printer. 1 

264<:ps 136 column dot matrix, 1 

Accountant Monitor. 1 

Monochrome TTL display and adapter, 1 

12" diagonal screen display, 1 

Accountant Software. \ 

Lotus T2-3 1 yy 1 

THE SECRETARY 

THE PUBLISHER | 


NO ONE HAS PROVIDED 
BETTER SERVICE 
TO MORE CUSTOMERS 
FOR AS LONG AS CMO. 


SYEjms 

_ AND STILL GROWING 


" ■ 

AT CMO, GOOD SERVICI 
AND LOW PRICE 
ARE A TRADITION. 


THE COMPANY 


CMO iS proud to be one of the 
few' companies a^roved to 
represent the ACCESS Micro 
System product line. Thousands 
of ACCESS Micro Systems have 
been sold and they have a 
proven record of performance in 
homes and offices just like 
yours. 

Our ACCESS systems utilize 
state-of-the-art components and 
are custom-assembled to fit your 
needs, your workstyle, and your 
budget. Plus all 286's and 386's 
come with a 3 year limited 
warranty. 

Each and every ACCESS 
system goes through an 
extensive quality control 
checklist and is burned-in a 
minimum of 48 hours, assuring 
you trouble free performance. 

Whenever you have questions 
or need technical support, our 
toll free lines put you in touch 
with CMO’s knowledgeable 
computer consultants. 

Call 

CMO Today 

800 - 233-8950 
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Your Low Price Leader 



MULTIFUNCTION 




MONITORS 



CMO [US THE BEST 
SOLUTIONS TO YOU* MULTI¬ 
USER APPUCAT10NS. 

jivir 

ir you are lookinjji for a 
Complete Soludoxi, our trairied 
stafT of Networkifig Specioitsls 
can assbi you in designing your 
muki-user system. We configure, 
test and provide on-going 
suppon for a full line of 
Networking software, hardware 
and connectivity products such 


as: 

Novell Netware 

ELS LeveLl ^-User S499 

ELS Level-ll V2.15 1099 

Advanced E^iETWARE 286 V2.15 1999 
SFT NETWARE 286 V2,15 3099 
Orchid 

PCNct Adapter Card 339 

Standard Micro Systems 
8-Bjt Arcnei PC Boards 179 

16-Bit Arc net Board 399 

Tiara 

8-Bit Arcnet Boards 129 

Id^Sit Arcnet Boards 299 

8-Port Active Hub 299 

MCA Ethernet Boards 389 

Thomas Conrad 

8-Bit Arcnet Boards 179 

16-Bit Arcnet Boards 329 

16-Port Active Hub 795 

Tops 

Tops for Dos 21 119 

Tops for Mac 149 

In Box Starter Kit 339 

Western Digital 

EtherCard Plus 249 


*NoveU trained and authorized 
sales and suppori. 

Our ACCESS family of 8088, 
80286, and 80386 based 
computers can be configured 
around your needs for 
workstations and file servers. 

Ask us how to design the 
ACCESS 386/20 Tower around 
your networking and/or multi¬ 
user application 

Kvir 


AST 

Six Pak Plus Board $129 

VGA Plus Adapter 389 

Rampage/286 512K 399 

Boca Research 

Boca TopHat 128K RAM 119 

BocaRatn/XT 0-1 MB Board 119 

BocaRam/XT 0-4MB Board 149 

Boca MCA Serial/Parallel H5 

Boca Dual Graphics Adptr 69 

Boca MultiEGA 149 

DCA 

Irma Convertible 3 469 

Inna 2 3278 Emulation 729 

Emerald 


3XTwin Local 5251 Emulation Call 
Everex 

Ram 3000 Deluxe 0^3MB Bd 89 
Micro Enhancer EGA 149 

View Point VGA 256K 279 

5th Generation 


Hoi Special 



HEADLAND 
Vega VGA 

Adapter *199 


Logical Connection 512K 499 

Headland 

Fast Write 800x600 319 

V RAM VGA Adapter 389 

Hercules 

Graphics Card Plus 169 

VGA Card 199 

Intel 

AboveBoard Plus w/3l2K 429 

AboveBoard Plus I/O w/5l2K499 
Visual Edge 449 

8087 PC/XT Coprocessor 89 

80287-8 8 MHz Coprocessor 209 

80387-16 16MH2 Cop. 369 

Orchid Technalogy 
Tiny Turbo 286 229 

Tiny Turbo Xtra 12MHz 279 

Designer 800 VGA 179 

ProDesigner VGA 256K 279 

ProDesigner VGA 512K 369 

Renaissance 

RVGAI 640x480 256K Pal 179 

RVGAII 800x600 256K Pal 239 

Sysgen 

Omni Board Controller 79 


Archive 

Archive/XL 40MB Internal $339 

Archive VP60 External 979 

MicnopoUs 

159MB 23Msec ESDI 1299 

338M8 ISMsec ESDI 1899 

Miniscrihe 

8425 20MB 3W’’ 40Msec 249 

3650 40MB 534" 61 Msec 329 

6085 70MB 5W' 28Msec 599 

Mountain Computer 
TD-4000 40MB Int. Tape 369 

TD-8000 80MB Int. Tape 449 

TD-7000 i50MB Tape 1499 

Plus Development 
20MB HardCard 519 

Plus 40MB PassPort 579 

Seagate 

ST-225 20MB w/coni 249 

ST-238 30MB w/cont 289 

ST-25M 40MB 28ms 349 

ST4 77N 60MB 24M5ec 589 

ST-1096N 80MB 24Mscc 699 

Sysgen 

Bridge-File 53^" External 249 

Bridge-Tape 40MB External 449 

Reliant Modcl-213 60MB 469 

Reliant Model-519 72MB 499 

Toshiba 

1 44MB 316’" Floppy Drive 99 

WELTEC LapTop Subsystems 
360K 5W” External Floppy 199 

1,2MB External Floppy 219 



AST 

Bravo 286 Model 5 888 

Premium 286 Model 140X 1999 
Premium 386/25 Model 5 Call 

Compaq 

DeskPro 286 Model 1 1699 

DeskPro 386/20e Mdl.-llO 5999 
SLT-286 Uptop 40MB 4499 

IBM 

PS/2 Model-30/286 w/20MB 1999 
PS/2 Model-50Z 30MB 2499 
PS/2 ModeL60 70MB 3899 
NEC 

Pro Speed Laptop 286/386 Call 
UltraLite Laptop Call 

Pana^nic 

Business Partner 1650 599 

Business Partner 1750 Call 
Toshiba 

TIOOO 80C86 Laptop 639 

T1200 Dual Floppy Backlit 1549 
T1200 20MB Backlit 2199 

T1600 20MB 286 3499 

T3200 40MB UMHz 3599 

T5200 40MB 20MHz 386 4999 

Zenith 

MiniSport 1MB Laptop NEW 
SuperSpon & SuperSpon 286 Call 
Z-248/12MHZ Model ! 1599 

Z-386/16MHZ Model-40 4999 


Call Today 800-233-8950 


Amdrk 

Video 2i0Plus TTL Amber $99 
Video 410 TTL Monochrome 145 


Color 732 PS/2 VGA 399 

Color 632 VGA 379 

SmariScan 735 MultiScan 489 

1280 15" Hi-Res White 699 

Cornerstone 

Single Page Monochrome 699 

Dual Page PC 16 Shade 2399 

Magnavox 

7BM623 12" TTL Amber 89 

7BM749 14" Flatsquare VGA 149 
CM8762 14" Comp/RGB 249 

8CM515 14" RGB Analog 279 

9CM053 14" HiRes EGA 339 

9CM032 14" VGA Color 339 


9CM080 14" MAC II Color 489 

Mitsubishi 

XC-141OC 14" EGA Display 349 
XCT429C 14" PS/2 VGA 439 
DiamondScan 13" Display 499 


NEC 

Multisync 2A 499 

Multisync 3D VGA 699 

Multisync 4D 16" VGA 1299 

Multisync 5D 20" VGA 2399 


Super Special 



PACKARD BELL 
PB U72 12" TTL 


Mono *S£ 


Packard Bell 

PB-1422EG 14" HiRes EGA 359 


PB4472 14" TTl. Mono 99 
PB-8541 14" VGA Display 299 

Polaroid 

Palette Plus 2199 

Proxima 

EGA Data Display 999 

VGA Data Display 1599 

Seiko 

CM 1440 14" VGA Display 629 
Taxan 

KX-123 12" Amber TTL 99 
Wyse 


Wyse-30 14" ASCII Display 329 
Wyse-50 14" ASCII Display 399 
Wyse-60 14" 7-pagc memory 349 
Wyse-85 ANSI Data Display 429 

Zenith 

ZFM-H90 14" VGA Analog 629 
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...For Over 8 Years 


COMMUNICATIONS ^Jgi 


Anchor 

1200 Baud External $ 99 

2400 Baud External 159 

2400 Baud Ext. w/MNP 5 269 

Everex 

Evercom 24+ 2400 Baud Im i49 
Evetcom 24E+ 2400 Baud Ext 269 


Hayes 

Personal Modem 1200 129 

SmartModem 1200 Baud 275 

-SmartModem 2400 Baud 369 

Intd 

2400B Classic Internal 169 

PS/2 2400B Internal 249 

2400EX External 199 

Miirata 

Ml200 Facsimile 599 

Panasonic 

UF-140 Panafax 799 

Practical Peripherals 
1200 Baud Stand Alone 84 

2400 Baud Internal 135 


Buyers Special 



Practical Peripherals 
1400 Baud Stand 
Alone U7» 


Sharp 

FO-220 Facsimile Machine 699 
The Complete PC 
Complete Fax 4800 Board 259 
Complete Answering Machine269 


I/O DEVICES 


Chinon 

DS‘300 Flatbed Scanner 569 

Houston Instroments 
9012 HiPad + 12"xl2” 399 

PC695 4-Pen A&B Plotter 599 

IMSI 

IMS! Mouse 75 

Logitech 

New Logitech Mouse M9 79 

ScanMan 400DPI HiRcs 189 

Microsoft 

Serial or Bus Mouse 119 

MSC 

PC Mouse Serial 69 

Snmtna Graphics 

Summa Sketch + 12”xl2" 389 

The Complete PC 

Complete PC Page Scanner 579 


PRINTERS 


Alps 

ASP-1000 Q-Pin Dot-Matrix $169 
Allegro 24 24-Pin Flatbed 319 
P2000 9-Pin 250cps 136 Col 699 


P2100 9-Pin400 cps 136 Col. 1099 
LPX-600 Laser Printer 1399 
Brother 

M-1709 240cp5, 132 Col. 369 

M^1809 360cps. 80 Col. 399 

M4S24L 24-Wire 60 Col. 499 
HR-20 20cp5 Daisywheel 329 
HL-8 Laser Printer 1999 

Epson 

LX-eiO 200cps, 80 CoL 179 

FX-850 264cps, 80 Col. 339 

FX-1050 264cps, 132 Col. Call 
LQ-510 ISOcps, 24-Wire 329 

LQ-850 330cps, 24-Wire Call 

LQ-1050 330cp5. 132 CoL Call 
LQ-2550 500 cps, 24-Wire Call 
Hewlett Paduan] 

Thinkjet 2225 329 

Pacific 25-iri-Orie HP Font 279 
Pacific 1-2-4 HP-LJ Memory 339 
NEC 

P2200 Pin writer 24-Wire 359 

P5200 Pin writer 265cps 519 

P5300 Pin writer 136 Col. 669 

LC-890 PostScript Laser 3295 

Okid^u 

ML472 laOcps, 80 Col. 199 

ML-182 Turbo 220cps 239 

ML-320 300cps, 80 Col 359 

ML-390 270cp5. 24-Wire 499 

ML-393 450cp3 24-Wire 1049 


Panasonic 

KX-P1180 192cps, 80 CoL 185 
KX-FU91 280cps, 80 Col. 239 
KX-P1124 24-Wire, 80 CoL 299 
KX-P1524 24-Wire, 132 Col 559 


RX-P4450 Laser 1399 

Seikosha 

SP1600A1 160cps, 9-Pin 179 

SK-.3000A1 30Dcps, 136 Col 369 

Star Micro oics 

NX-1000 11 i40cps, 9-pin 169 

NX-2400 24-Wire ITOcps 349 

Toshiba 

ExpressWriter 301 349 

ExpressWriter 311 439 


Hoi Special 

iiiijiii iiJiiina 


EPSON 

LQ-950 24-Wire 

*499 


Super Savings Special 



Intel 

InBoard 386/PC 
Enhancement 



SOFTWARE 


SOFTWARE 


Aldus: PageMaker $469 

Ashton-Tate dBase IV 459 

Ashton-Tate MultiMate II 289 

BLOC Form Tools 55 

BoHand Paradox 449 

Borland Quattro 159 

Borland Turbo Pascal V5.5 99 

Broderbund Print Shop 38 

Central PL PC Tools Deluxe 50 

Ccntiu] Pi. PC-11 Opt. Board 119 

DAC-EASY Accounting 60 

DataStoitn Pro Comm Plus 49 

Ddrina Pen Form 159 

5d] Generation FastBack + 98 

Fox Base + Development 199 

Funk Sideways 40 

Harvard Graphics V2T 289 

IMSI TurboCAD 59 

Intuit Quicken 33 

Lotus 1-2-3 299 


MECA Managing Your Money 119 


Microcom CarbonCopy + $109 


MieioPro WordStar 5.5 219 

Microdm RiBASE For DOS 439 
Microsoft Windows 286 70 

Microsoft Quick Basic V4.5 69 

Nan tue ket CU pper 419 

Nolo Press For The Record 38 
PaperBack VP-Planner + 119 

Peachtree Accounting 169 

Peter Norton Adv. Utilities 80 
Peter Norton Commander 89 
Quarterdeck D ESQ View 2.02 80 
5PC; 1st Choice 3.0 90 

SPG: Professional Write 149 
5PC: 1st Publisher 2.0 80 

Symantec Q &r A 249 

Traveling Lap-Link + 85 

lifetree Volkswriter 119 

WordPerfect 5.0 219 

WordPerfect Office 249 

Xerox Ventura Publishing 485 


Over 500,000 SatisBed Cusiomcis 



800 - 233-8950 

In Canada caU^ 600-233-8949 

AU Other Areas caU: 717-327-9575 Fax call: 717-317-1217 
Educational^ Govern menial and Corporate Organizations 
CaU toU-hec: 1-800-221-4283 

CMO, 101 Reighaid Ave., Dept Bl, Williamsport PA 17701 

POLICY' Add 3% (minimum $7 00) shipping and 
handling. Laiger shlpmcnis may require additional 

chaiges. Personal and company checks require 3 weeks ^r^Nn'cDiJiyci? 

to clear. Credit cards are not charged until we ship. i™: 

Pennsylvania and Maryland residents add appropriate sales tax. All prices are U.S.A 
prices and are subject to change. AIL items are subject to availability. We cannot 
guarantee compatibility. We are not responsible for typographic or photographic 
emOTS. 
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See the Future. 



NANAO USA CORP. 

23510 Telo Ave., Suite 5 
TofranGe* CA 90505 USA 
Phone (213)325-5202 
Fax (213)^1679 


on Reader Service Card 
(PEALERS: 222} ’ 


FLEXSCAN ^OS 

t4V3V).02emm (iot pitch CRT 
Scan Fr©<?uef7G/ ; Automatic Adjustment 
H: t5.mHz-38.5kHz / ' 

V:50H2-9Wz 

Front-mounted controls for easy access? 
VGA. SuperVGA (BOO X 600h EGA, 
CGA, MDAt and Mac n compaf/6/e. 


NANAO fully appreciates the importance of monitor selection 
to the business professional. The FLEXSCAN® 9060S has been 
specially designed for today's complex world of windows and 
graphics applications. 

Unlike other 14" monitors, the FLEXSCAN® 9060S uses its 
Dynamic Focusing Circuit to deliver sharp, bright images to all 
corners of the screen. This makes it the ideal display for VGA and 
SuperVGA (800x600) applications. 

The FLEXSCAN's ergonomic design minimizes static, glare, and 
magnetic radiation, to provide the most user-friendly environment 
possible, even during extended operation. 

Other monitors meet the standards. 


FLEXSCAN® sets them. 


% 


NANAO 











































System Review 


Downsizing 
the Desktop 




ADC puts the 
Powerlite 386 SX’s 
petite motherboard 
on an add-in card 


Stephen Satchell 


T he Advanced Digital Corp. 
(ADC) Powerlite 386 SX is at 
first blush just another entry into 
the computer sweepstakes. 
Closer examination, however, shows that 
this compact computer performs well 
and excels in serviceability. Its system- 
on-a-board design makes this Lilliputian 
80386SX computer system easier to re¬ 
pair than systems twice as large. And 
when you need more computing power, 
you can upgrade to a new, easy-to- 
change system board instead of buying a 
whole new system. 

The Powerlite currently comes in two 
flavors, a 20-MHz 80286-based version 
and a 16-MHz 80386SX“based version 
(ADC also plans 80386 and 80486 ver¬ 
sions). The 80286-based systems start at 
$2565 and the 80386SX-based at $2795. 
Users with the 80286-based systems can 
trade in their system board and receive 
an 803S6SX for an additional $250. 1 
tested the 80386SX-bascd Model 141 
with extra features that pushed the price 
up to $4665. 

The entry-level Powerlite systems 
don't have mass storage devices or con¬ 
trollers. But both 80286 and 80386SX 
versions pack everything except disk 
drive controllers on one AT-size expan¬ 
sion board that plugs into a four-slot pas¬ 
sive backplane. The system board is 
packed: The basic system includes a 
math coprocessor socket for a 10-MHz 


80287 or 16-MHz 80387SX (my system 
included an 80387SX), 1 megabyte of 
zero-wait-state RAM (expandable to 2 or 
5 megabytes on a piggyback card), a 
VGA port with 256K bytes of RAM, an 
RS-232C serial port, a parallel port, a 
keyboard port that accepts the standard 
IBM PS/2 keyboard or an AT keyboard 
with a suitable adapter, and a mouse 
port. ADC doesn't sell a monitor. 

ADC offers two hard disk drive con¬ 
troller boards: a Western Digital control¬ 
ler and the Konan TenTime Intelligent 
Caching Disk Controller. My test system 
included the TenTime unit, which offers 
a 128K"byte on-board disk cache on the 
controller board—it doesn’t use RAM on 
the CPU board. The Model 141 includes 
a 40-megabyte hard disk drive (a 100- 
megabyte hard disk drive is also avail¬ 
able) and a 1.44-megabyte 3V^!-inch flop¬ 
py disk drive. If you need to read from 


and write to 5^-inch floppy disks, you 
can buy an external stacking chassis that 
can hold an optional 5 U-inch floppy disk 
drive and a tape backup drive. 

With the controller and system boards 
installed, two 16-bit AT (Industry Stan¬ 
dard Architecture) slots are left for stan¬ 
dard AT or XT full-length expansion 
boards. Using an expansion board, you 
can extend the system RAM to 16 mega¬ 
bytes. The 80-watt power supply can run 
on either 110 or 220 volts. A switched 
power connector on the back lets you 
connect a monitor through the system 
power switch. 

The 16-pound system unit measures 
11^ inches wide by 4 inches high by 
15^^ inches deep; add 2 inches or so to 
the depth for cable clearance if you back 
this system up against a wall. The leset 
switch is in front, and the power switch is 

continued 
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REVIEW 

DOWNSIZING THE DESKTOP 


Powerlite 386 SX Model 141 


Company 

Advanced Digital Corp. 

5432 Production Dr. 

Huntington Beadi, CA 92649 
(800) 733-7697 

Components 

Processor: 16-MHz80386SX CPU with 
socket for optional 16-MHz 80387SX 
Memory: 1 megabyte of zero-wait-state 
RAM on system board, expandable to 2 
or 5 megabytes via a piggyback board; 
128K bytes of BIOS ROM 
Mass storage: 1.44-megabyte SV^-inch 
floppy disk drive. 40-megabyte 28-ms 
hard disk drive; TenTime 128K-byte 
disk-cache controller 
Display: VGA on motherboard 
Keyboard: 101-key AT Enhanced or 
PS/2 style 

I/O interfaces: DB-15 VGA port; RS- 
232C serial port with DB-9 connector; 
parallel port with D8-25 connector; 
keyboard and mouse ports; four 16-bil. 
full-height ISA expansion slots (two 
unoccupied) 

Size 

11V 2 X 4 K Inches; 16 pounds 

Software 

System utilities disk 

Documentation 

User's guide: technical reference guide; 
TenTime manual 

Price 

$2795 

System as reviewed: S4665 

inquiry 851. 


located on the rear paneL 

ADC supplies a RAM disk, a prim 
spooler, and disk-cache software with 
every system. For systems with the Ten- 
Time disk controlier, ADC also provides 
setup, configuration, aiid tuning utilities 
for the controller board. 

The Powerlite is strictly an office ma¬ 
chine; the unit I tested met FCC Class A 
(commercial) regulations instead of the 
more stringent Class B (residential) 
limits for radio frequency emissions. 

Setup 

Setup is a breeze. All the programs for 
setting up the CPU board and hard disk 
drives connected to the Western Digital 
controller are built into the BIOS—there 
is no setup disk. The TenTime board has 
its utilities on disk, though, and you must 
have MS-DOS to run them, even if you 
plan to use a different operating system. 
Jumpers and switches on the CPU board 
let you configure the VGA adapter and 
mouse ports; the configuration for the 
serial and parallel ports is fixed. 

Expansion boards slip in horizontally 
(see photo 1). The left side of the system 
unit frame is hinged; you remove one 
screw and loosen another, and the side 
swings down. You can then remove the 
filler plate and install the board. 

I don't recommend placing the moni¬ 
tor directly on top of the system unit. The 
battery conneaor, in particular, and sev¬ 
eral other connectors stand too high on 
the CPU board, hitting the top of the case 
when the system is assembled. After a 
few months of use , this could cause prob¬ 
lems (I put electrical cape on the under¬ 


side of the cover to prevent trouble). If 
you’re tight for space, consider con¬ 
structing a monitor platform to keep the 
monitor off the system cover, or move the 
CPU board down one slot and sacrifice 
the top backplane slot. 

Test Run 

The standards for IBM PC clone making 
are well enough defined that you don't 
expect to find many programs that don't 
work. The Powerlite 386 is no exception. 
Not only did the machine work flawless¬ 
ly with the standard applications bench¬ 
mark suite, but it also worked with many 
of the old standbys, like Crosstalk XVI 
3,60 and Lotus 1-2-3 release lA. I also 
tried a smattering of other applications, 
such as SideKick 1.56A, Professional 
YAM 17.28, Smartcom III 1.1, XTree- 
Pro l.l, and LapLink Mac L2. I suc¬ 
cessfully ran IBM’s PC-DOS 3.2 and 
PC-DOS3.3. 

My ancient Hayes 1200B internal 
modem wouldn't fit into a 16-bil slot, sol 
couldn’t test 8-bit bus access using a 
modem, I did use an AST RAMpage AT 
card with 2 megabytes of memory to look 
at 16-bit access, though, and I encoun¬ 
tered no problems. 

In BYTE's benchmark testing, the 
Powerlite’s overall performance was sig¬ 
nificantly better than that of the IBM 
PS/2 Model 55 SX and was neck-and- 
neck with the Compaq 386s, The Power¬ 
lite’s one weak spot was video: It lost to 
both competitors in the text portion of the 
low-level Video tests and in the Scien¬ 
tific/Engineering application tests. 

In the low-level tests, the Powerlite 
came out ahead of the Compaq in CPU 
performance. But while the ADC cache 
controller put the Powerlite far ahead of 
the Compaq in most low-level Disk I/O 
tests, the Compaq with its 40-megabyte 
ESDI hard disk drive outperformed the 
Powerlite by large margins in the large- 
file tests. The Compaq also edged out the 
Powerlite in the LINPACK and Liver¬ 
more Loops tests. 

Fit and Finish 

The designer who masterminded the 
Powerlite’s CPU board certainly did a 
beautiful job. There's more open space 
on a postage stamp than there is on this 
board. In fact, the board is so packed 
with chips that ADC had to use surface- 
mounted resistors and capacitors on the 
reverse side of the board. 

Unfortunately, the height of some con¬ 
nectors makes the board fit tightly into 
the case, and the backplane is hard-wired 
into the power supply, so if you have 

continued 



Photo It The Powerlite motherhoard, mounted in one of four passive backplane 
expansion slots, is easy to service. A hinged door on the side of the case ensures easy 
access, A Konan disk drive controller board occupied the bottom slot in my test unit. 


180 BYTE* DECEMBER 1989 
















ADC Powerlite 386 SX 


APPLtCATION-LEVEL PERFORMANCE 



ADC Powerlite 386 SX 


WORD PROCESSING 


Xy Write 111+ 3,52 

Medium/Large 

Load (large) 

:0S 

Word count 

:04/:27 

SoarcJi/replace 

06/22 

End of document 

:02/:11 

Block move 

i11/:10 

Spacing check 

;11/1:24 

Microsoft Word 4.0 


Forward delete 

■19 

Aldus PageMaker 1,0a 


Load documeni 

:13 

Char>ge/bold 

32 

Align right 

:24 

Cut 10 pages 

;22 

Place graphic 

:05 

Print to file 

1:50 


B Index: 2.38 

SPREADSHEET 

Lotus 1-2-3 2.01 

Block copy 

04 

Recalc 

02 

Load Monte Carlo 

17 

RecaEc Monte Carlo 

07 

Load rlargeS 

04 

Recalc riargeS 

01 

Recalc Goal-seek 

04 

Microsoft Exceia.O 

Fill right 

07 

Undo fill 2 

49 

Recalc 

02 

Load rlargeS 

31 

Recalc rlargeS 

01 


ED Inde^: 2.25 


DATABASE 


dBAS£lll+ 1,1 


Copy 

:25 

Index 

:08 

List 

2:59 

Append 

:46 

Delete 

:03 

Pack 

47 

Count 

:07 

Sort 

;31 

□ Index: 

2.48 

SClENTiFiC/ENGINEERrNG 


AutoCAD 2,52 


Load SoftWesi 

1:00 

Regen SoftWdst 

:52 

Load SlPauis 

:12 

Regen StPauls 

07 

Hide/redraw 

15:49 

STATA1.S 


Graphics 

2:17 

ANOVA 

:23 

MathCAD 2.0 


[FS 800 pts, 

:22 

FFT/FFri024ptS. 

:25 

□ Index: 

2.24 

COMPILERS 


Microsoft C 5,0 


XLisp compile 

4:39 

Turbo Pascal 4.0 


Pascal S compile 

:05 


□ index: 2,13 


Compaq 386s 11.4 



* Cufnijlatiue sippticaition .ind€>!. Gr^p^iS^ 3^6 based 

All times are in iTiinutes;second8. Indexes sbcw relalive periormance: for atl indexes, an 8-MHz IBM PC AT«1. on indexes at left and show relative pertofmance. 


LOW-LEVEL PERFORMANCE^ 


ADC Powerlite 386 SX 


CPU 


DISK I/O 


VIDEO 


Matrix 

6.66 

Ha«i Seeks 


Text 


String Move 


O uter track 

0.55 

Modeo 

12.49 

Byte-wide 

50.92 

Inner track 

0.53 

Mode 1 

12.43 

Word-wide: 


Flalf platter 

0.57 

Mode 2 

12,48 

Odd'brxl, 

42,24 

Full platter 

0,51 

Mode 3 

12 49 

Even-bnd. 

25.43 

Average 

0.54 

Mode? 

N/A 

Double word-wide: 


DOS Seek 


Graphics 


Odd^bnd, 

27 48 

1 -sector 

1,82 

CGA: 


Even-bnd. 

19.26 

32-3ector 

47 61 

Mode 4 

1.69 

Sieve 

32.90 

File I/O* 


Modes 

1.67 

Sort 

31,54 

Seek 

0.13 

Mode 6 

1.76 



Read 

0.90 

EGA: 


M Index: 

1,92 

Write 

0,72 

Models 

3.07 



1-megabyte 


Mode 14 

3.33 

FLOATINGPOINT 


Write 

6.55 

Mode 15 

N/A 

Math 

11,53 

Read 

5 36 

Mode 16 

3.33 

Error^ 




VGA: 


Sine(x) 

3.29 

□ Index: 

2.64 

Mode 10 

3.48 

Error 




Mode 19 

1.79 


3.64 



Hercules 

N/A 

Error 










□ Index: 

1.37 

S Index: 

4,88 





N/A= Not applicable. 






1 All times ara in seconids Figures wera generated usmg (he S088/&oa6 



and 80366 versions f1 , 1) Of Smalf-C. 



CONVENTIONAL 


2 The errrjTB lor Floating Point indicate the difference between expected and 

BENCHMARKS 


actual values, correct to 10 digits or rounded to 2 digits. 


LIN PACK 

254.80 

3 Times reported by the Hard Seek and DOS Seek are for multiple seek 



operations (number of seeks performed currently set to TOO). 


Livermore Loops^ 

/ajirt 


fl'ead and wnie times for File I/O are in seconds per 64K bytes. 


[MrLUrh) 

0.1123 

s For the Livermore Loops and Dhrystone lasts only, higher numbers rnean 

Dhryslone (MS C 5.0) 


faster performance. 




(Dhry./sec) 

3B25 


Compaq 306s 


IBM PS/2 Model 55 SX 


IBM PC AT 


CPU EH 

FPU n 

Disk I/O [U 
Video EH 


Far a hjll description of all the benchmarks, see "fnimduang the New BYTE Benchmarks." June teflB BYTE 
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Circle 376 on Reader Sendee Card (DEALERS; 377) 


REVIEW 

DOWNSIZING THE DESKTOP 


STOP!... FUTURA WILL MEET 
ANY SYSTEM PRICE IN THIS ISSUE 

Join our team of satisfied clients. 


286-16 

* Full AT case 

* 2 MB {exp. to 16 MB) 



2p/2s 

1.2 MB floppy 
200 watt pis 
40 MB/28m3 
HDD 

14'" VGA Multisync 
16 bit VGA Card 
8 bit ARCNET Card 
DOS 3.3 
Monochrome 
deduct $600 ^ 



$3399 


386-25-‘'CAD/CAM” 


$1999.95 

Order line; (800) 448-1461 
Service; (508) 475-5886 
Fax: (508) 470-1391 

• 1 Year Warranty 

• Quick Deiivery 

• On-site Service Availabie 

• 30-Day Satisfaction Guarantee 

• Ask about preconfigured LANS 
four and eight users. 

• Corporate leasing available 


64 KB cache on board 
2 MB (exp. to 16 MB) 
14" VGA Multisync 
VGA card 
Star>dard mouse 
Ideal for CAD/CAM 
2p/2s 


1.2 MB floppy 
200 watt pis 
BO MB/28ms HDD 
DOS 3.3 
Monochrome 
deduct $500 
ARCNET Card 


for 


ifUTURA 

SYSTEMS 

3 Dyndoo Park, Andovet; MA 01 BIO 


One Of 
America^ Best 
Run Companies 
Gives 959rc)f Its 

JVfonQrTb 

Charity 


CARE was recently named the 
best Rin, best managed charity 
in America. 

We aren't surprised. 

95% of every dollar we receive 
goes to help impoverished 
people. Only 5% goes to run 


our organization. 

No other company could sur¬ 
vive on margins like that. But a lot 
of starving people can. 

I^An-nl lAfeteH^M^gPecple 

LearnTbliveV^iMixitUs. 


problems in one, you’ll probably have to 
replace them both. Overall, however, the 
workmanship in the Poweriite is far 
above average for a PC clone. ADC 
backs the machine with a one-year war¬ 
ranty. 

This is one of the easiest computers to 
fix that Eve seen. Since the CPU is on an 
expansion board, it’s easy to pop out and 
exchange. The trend toward putting I/O 
ports on the system board means that if 
you blow a port, you’ve blown the system 
board—which in most systems is a pain 
to replace. There’s no pain in replacing 
the system board in the Poweriite. If you 
can install an add-in card, you can re¬ 
place the system board in this machine. 

Etocumentation consists of three man¬ 
uals: the user’s guide, the technical ref’ 
erence guide for the CPU board, and the 
TenTime manual. The user’s guide and 
technical reference manuals are well 
written and organized; the TenTime 
manual was marked “preliminary." 
Troubleshooting information is incom¬ 
plete: While trying to get the system to 
work the first time, 1 kept getting code 
signals from the speaker. But ADC’s 
technical support was good; it has a toll- 
free number, and its technicians did a 
fine job helping me with some of the 
strange behavior the Poweriite exhibited 
after some heavy-handed treatment dur¬ 
ing shipping. 

Value 

When you compare the retail prices of 
the Poweriite 386 SX to the two industry 
leaders—the IBM PS/2 Model 55 SX and 
the Compaq 386s—youT1 find little dif¬ 
ference. My Poweriite 386 SX Model 
141 was $4665. The Model 140, which 
substitutes the Western Digital controller 
for the TenTime, is $3955. Compare that 
to a similarly equipped Compaq Model 
40 ($4199) or an IBM Model 55 SX, 
which for $3895 comes with a 30-mega- 
byte hard disk drive and 2 megabytes of 
RAM. 

The Poweriite gives you at most two 
available slots; the Compaq and IBM sys¬ 
tems can take up to three cards. If you 
have extra RAM, an internal modem, 
and a network card, you’re out of luck 
with the Poweriite. But in an office envi¬ 
ronment where space is at a premium and 
serviceability is important, this machine 
is one of the best choices I’ve seen. ■ 


Stephen Satchell has evaluated computer 
products for 17 years. His company. Sat- 
chell Evaluations in incline Village ^ Ne¬ 
vada, tests microcomputer hardware and 
software. He can be reached on BIX as 
**ssatcheiL ” 
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CODE GENERATION 


r 


Data Modeling 
Process Modeling 
prototyping 


4CL 

Report 
Generation 
Queries 
File Extraction 


PLANNING, ANALYSIS 
AND DESIGN 


r. 


• 4CL 

Programming 

Language 

• source Code 
Generation 


POSE®, the proven leader in Features include an 

affordable CASE technology, extensive range of planning, 

takes you beyond conven- analysis and design techni- 

tional CASE...by adding a dues with powerful 

powerful code generation graphics, full dictionary 

capability for the DP Professional fVl|#AC I capabilities, rapid prototyping, 

and an integrated Fourth Generation source code generation and end 

Language (4GU for the end user. query/report tools. 

POSE now has FlexGen®, a unique With POSE and FlexGen, you no 

4GL application development B longer have to sacrifice the 

system with code generation benefits of the structured 

for MS/DOS and UNIX users. ^ design approach of CASE when 

Build applications faster, using a code generator or 

with better precision POSE expands the Structured 4GL tool...POSE gives 

and documentation. approach Of CASE With the productivity you bothi 

Of a code generator and the convenience of a 4CL. 


POSE® modules may be purchased 
Individually or as tool kits * 

DATA MODEL TOOL KIT 

tncfudes DMD, DMN, LDD, DBA 

FOCUS • DB 2 • SQUDS • AOABAS * AS/ 40 D 

S1195»® 

DAfD •Data Model Diagrammar 

S59500 

DMN * Data Model Normalizer 

$595®° 

LDD * Logical Database Designer 

S5950<> 

DBA ^Database Aid 

(FOCUS • DB 2 • SQUDS • ADABAS • AS/ 400 } 

5595011 

PROCESS MODEL TOOL KIT 

trictudes DFD, SCO, DCD, ACD 

sugs™ 

DFD »Data Flow Dlagrammer 

S 59 S 00 

SCD • Structure Chart Dlagrammer 

559500 

DCD • Decfomposftfon Dlagrammer 

059500 

ACD •Action Chart Dlagrammer 

059500 

SRP •Screen Report Prototyper 

059500 

PMD •Ptannfng Matrix Diagrammer 

559500 

FlexGen® Source Code Generator 

S107000 

POSE/FlexGen Interface 

sioodoo 


* PACKAGE DISCOUNTS AVAILABLE 


RISK FREE 30-DAY 
MONEY-BACK GUARANTEE 

ORDER POSE OR FREE DEMO DISKETTE 

1 - 800 - 537-4262 

CREDIT CARD ORDERS ACCEPTED 



NAME _ 

COMPANY _ 

AC3DFESS _ 

CITY/STATBZIP 
TELEPHONE _ 


DEMO □ SVa" Disk 
DISKETTE □ 31/2" Disk 


computer systems Advisers, inc. 

50 Tice Boulevard • Woodcliff Lake, Nj 07675 

1-800-537-4262 
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Feed this to your PC 
and it’ll think it’s an 
HP BASIC workstation. 




DISCOVER 

HTBASIC 

FOR 

VOIRSELF 


Fur mure 


iniormatjun, wntt* 


TransBra Ujrporatiun 


♦r ca 1 tuda\ 


(801) 224-6550 


Finall}; there’s a way for serious technical 
^computer users to get the power and features of 
HP BASIC on a PC. The answer is HTBasic, a real 
^engineering BASIC that turns your PC into an 
HP 9000 series 200/300 BASIC workstation— 
at a fraction of the cost. 

Like HP’s Rock\' Mountain 
BASIC, HTBa.sicfrom 
TransEra is a state-of-the-art 
BASIC that gives you all the capa¬ 
bilities you need for complex 
engineering applications. Plus you get 
important adwnced features you wont find 
with any other PC BASIC. Like the complete set of 
HP graphic commands. Integrated HPIB (GPIB) 
syntax for intelligent instrument control. The 
advanced I/O Rath System. And built-in matrix math. 

In fact, all the optional HP binaries are built in. There’s nothing 
else to load. You even get die full screen program editing and 
debugging environment. 

Discover the new solution 
for cost-effective technical work¬ 
stations. HTBasic from TransEra. 


ThartsE^ 3707 North Canyon Road, Provo, Utah 84604 • TEL: 801-224-6550 • FAX: 801-224-0355 
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System Review 



U pscale Acer 


Acer’s high-performance 
1100/33 enters 
the 33-MHz fray 


Jeff Holtzman 



P ersonal computers based on In¬ 
ters 33^MHz 80386 CPU have 
flooded the market* They’re 
fast, expensive, and available 
from just about every clone maker on the 
market* But they’re not all the same- 
prices and quality vary—and they’re not 
for everyone. Acer America’s entry in 
this increasingly crowded field attempts 
to bring users high performance at a 
moderate price. 

Acer’s $7895 base model comes with 
everything you need to run DOS except a 
video subsystem and a hard disk drive. It 
includes 4 megabytes of RAM, a 1.2- 
megabyte 5U-inch floppy disk drive, 
two serial ports, a parallel port, a flop¬ 
py/hard disk drive interface, a keyboard 
and mouse, a socket for an 80387 or Wei- 
tek math coprocessor, space for five 
half-height mass-storage devices, DOS 
3.3, GWBASIC 3.3, Windows/386, a 
disk-cache utility, and an EMS emulator. 
My test system also included an Intel 
80387 ($700), an 8-bit VGA board 
($1005), a 150-megabyte Micropolis 
ESDI hard disk drive and controller 
(SI675), 4 more megabytes of RAM 
($2000), and a copy of OS/2 1.0 ($325), 
bringing the grand total to $13,600. 

The floppy/hard disk drive interface 
card is an Acer design and accepts up to 
two floppy disk drives and a hard disk 
drive* Acer includes the parallel and 
serial I/O circuitry on the motherboard* 
The motherboard accepts 4 or 8 mega¬ 
bytes of 80-nanosecond, 1-megabyte 


page-mode single in-line memory mod¬ 
ules (SIMMs); you can expand the sys¬ 
tem to a total of 24 megabytes of memory 
using the machine’s two 32-bit expansion 
slots* The memory subsystem includes a 
nonexpandable 32K-byte 20-ns static 
RAM cache with an Intel 82385 con¬ 
troller. 

The 1100/33 includes eight expansion 
slots: one standard 8-bit slot, five stan¬ 
dard 16-bit slots, one 32-bit slot for mem¬ 
ory, and one slot that can function as 
either a standard 16-bit slot or an addi¬ 
tional 32-bit slot* That gives you a total of 
seven standard slots. In my review sys¬ 
tem, the video, floppy disk drive inter¬ 
face, and ESDI hard disk drive controller 
cards used three slots, leaving four for 
other expansion options* However, con¬ 


sidering that the I/O ports and as much as 
8 megabytes of memory can fit on the 
motherboard, four free slots shouldn’t be 
too limiting. 

Construction 

The quality of construction in my test 
machine was disappointing. The first 
machine I received was unreliable and 
eventually refused to boot at all. Acer 
quickly replaced it with another unit* 
This one worked properly; to make sure, 
I kept it running 24 hours a day for sev¬ 
eral weeks. Neither unit 1 tested looked 
finished; both had a dozen or so engi¬ 
neering-change wires on both sides of the 
system board. In the first unit, those 
wires were attached quite sloppily; in the 

continued 
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REVIEW 
UPSCALE ACER 


Acer 1100/33 


Company 

Acer America Corp. 

401 Charcot Ave, 

San Jose, CA 95131 
(408) 922-0333 

Components 

Processor: 33-MH2 80386; socket for 
33-MHz 80387 coprocessor 
Memory: 4 megabytes of 32-b^ 80-ns 
DRAM SIMMs; 32K bytes of 20-ns SRAM 
cache 

Mass storage: 1.2-megabyte STA-inch 
floppy disk drive; 150-megabyte hard 
disk drive 

Display: Acer 8-bit VGA adapter; 
multiscan monitor 

Keyboard: 101-key PS/2 compatible 
I/O interfaces: 9'pin serial port: 25'pin 
serial port; 25-pin parallel port; slots: one 
8-bit, five 8-/16-bit, one 16-/32-bit, and 
one 32-bit 

Size 

7 by 17 by 21 inches; 50 pounds 

Software 

MS-DOS 3.3; GWBASIC 3.3; Microsoft 
Windows/386 2,1; disk-cache utility; EMS 
emulator 

Documentation 

User's manual; MS-DOS manual; 
GWBASIC manual, Microsoft 
Windows/386 manual: disk-cache utility 
manual 

Price 

Base system: $7895 
System as reviewed; $13,600 

Inquiry 862. 


second, the soldering was neater and the 
wires were glued to the board. 

The i 100/33 comes in a standard 
desktop configuration; you open it by re¬ 
moving five screws from the rear panel. 
The interior follows the standard AT lay¬ 
out, with the 230-watt power supply in 
the right rear corner, the drive bays in 
front, and the motherboard on the left. 

At about 12 by 14 inches, the mother¬ 
board is fairly large, containing perhaps 
40 percent more surface area than typical 
AT and 80386 motherboards. But that 
space isn't wasted; it includes the SIMM 
panels, the serial and parallel I/O circuit¬ 
ry, two Award BIOS EPROMs, the cache 
memory, and many discrete logic chips. 
It also contains several jumper blocks 
and DIP switches, and one block of DIP 
switches is accessible through a small 
hatch on the rear of the chassis. 

The jumpers and switches set operat¬ 
ing parameters (e,g., the type and the 


amount of memory, and the presence of a 
coprocessor). One switch setting enables 
shadow RAM so that the system BIOS 
and the video BIOS can run from RAM, 
A system utility lets you enable and dis¬ 
able shadow RAM on the fly; that utility 
also lets you switch to an 8-MHz com¬ 
patibility speed and to disable the cache. 
A hot-key combination also lets you 
switch between 8- and 33-MHz oper¬ 
ation. 

The Acer 1100/33 uses a 101-key, 
PS/2-compatible keyboard. The keys 
produce tactile and audible feedback, but 
they are a little wobbly. The 14-inch mul- 
tiscan monitor has front-mounted bright¬ 
ness and contrast controls; the vertical 
size control and the horizontal and verti¬ 
cal position controls are on the back. The 
CRT image is clean and stable and has a 
maximum resolution of 600 by 800 dots 
per inch. 

The 1100/33's front panel has a stan¬ 
dard keyboard interlock, LEDs to indi¬ 
cate hard disk activity and operating 
speed, and reset and power switches. 
The hard disk and floppy disk drives are 
not secured by screws; instead, they are 
press-fit into place by flat metal springs. 
Although this method seems less secure, 
the springs hold the drives firmly in 
place. 

Acer's documentation is brief and well 
written and contains such technical in¬ 
formation as memory and I/O port ad¬ 
dress maps, listings of interrupts and di¬ 
rect-memory-access channels, and port 
pin-outs, 

Acer has a good warranty policy: For 
the first four months after purchase, the 
company provides guaranteed next-busi- 
ness-day on-site repair or replacement; 
for the next eight months, no-charge de¬ 
pot service (the customer pays one-way 
shipping). You can extend the warranty 
for $99 per year. 

Compatibility Tests 
The 1100/33 worked well with every¬ 
thing 1 tested. On the hardware side, I 
had no trouble running either the Micro¬ 
soft-compatible mouse that came with 
the system or a Microsoft Serial Mouse. 
A Hayes 2400-bps internal modem also 
worked fine, as did an Irwin 785 tape 
backup unit and a Corvus Ready Net net¬ 
work interface card. 

As for software, I ran WordStar 5.5, 
XyWrite III Plus 3.55, Qedit 2.07, Q&A 
Write 1.01, Lotus 1-2-3 release 2,01, 
VP-Planner 1,0, AutoSketch 1,04 en¬ 
hanced, SideKick 1,56b, Windows/386, 
Acer's dual-boot version of OS/2 1.0, 
Turbo Pascal 5.0, 386Max 4.07, Omni- 
View 4.13* Grandview LOl* KeepTrack 


Plus 2.0, and Procomm Plus 1.1 A. I also 
tested LapLink III, which worked reli¬ 
ably only at the 8-MHz compatibility 
speed. 

Performance 

The 1100/33 has an extremely fast CPU 
subsystem; in fact, of all the machines in 
its class that BYTE has tested, only the 
Everex Step 386/33 and the ALR Flex- 
Cache 33/386 Model 150 surpass the 
Acer (see “Megahertz Madness/' IBM 
Special Edition^ Fall 1989). Unfortu¬ 
nately, the other subsystems don't live up 
to the standard set by the Acer’s CPU 
performance, and that keeps the Acer 
near the bottom of the pack in most other 
categories. 

The Acer 1100/33's FPU index was 
marginally lower than those of the Com¬ 
paq Deskpro 386/33 and the Everex 
386/33. It was also slower, by about 25 
percent* than the Compaq in the low- 
level disk tests. The Acer's poorest show¬ 
ing was on the video benchmarks; it was 
less than half as fast as the Compaq and 
Everex systems. 

Based on the tow-level benchmarks, 
it's not surprising that the Acer 1100/33 
also scored lower than the Compaq Desk- 
pro 386/33 and the Everex 386/33 in 
most of the applications tests; its applica¬ 
tions index of 20.3 puts it in twelfth place 
among the 15 33-MHz systems that 
BYTE has tested to dale. 

Deciding Factors 

The 1100/33 is one of the more expensive 
33-MHz machines that BYTE has re¬ 
viewed. It prices well against the Com¬ 
paq but lags behind it in terms of quality 
of construction. Other clone makers of¬ 
fer similarly configured machines for 
substantially less. A 386/33 from PC 
Link* for example, includes the same 
amount of RAM, a 115-megabyte ESDI 
hard disk drive, and a 16-bit VGA adapt¬ 
er for $5995. 

Better yet , you might want to look into 
the new crop of 25-MHz 8C>486-based 
systems, which should be available by the 
time you read this. Because the 80486 in¬ 
cludes memory management and FPU 
functions on a single chip, 80486-based 
systems could be only slightly more cost¬ 
ly than the current crop of 33-MHz 
80386 systems* and the BYTE bench¬ 
marks run on prototype 80486 systems 
indicate that they will perform much 
faster, particularly in number-crunching 
applications. ■ 


Jeff Holtzman is a freelance writer and 
an analyst at Unisys Corp. He can be 
reached on BIX as **jholtzman. “ 
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Acer 1100/33 

APPLJCATION-LEVEL PERFORMANCE 



Acer 1100/33 


20.3 


'*■ 


WORD PROCESSING 
XyWrIte ill+3.52 

Load (large) 

Word count 
Search/replace 
End of document 
Block move 
Spelling check 
MIcf oaoft Wdrd 4.0 
Forward delete 
Aldus PageMaker 1 .Oa 
Load document 
Change/bold 
Align fight 
Cut 10 pages 
Place graphic 
Print to file 


MediumA^rge 

:12 

:02/:09 

:03/:13 

:01/:0e 

:08/r07 

:05/:29 

:10 


06 

15 

11 

12 

03 

41 


DATABASE 
dBASEIII+ 1.1 

Copy 

Index 

List 

Append 

Delete 

Pack 

Count 

Sort 


32 

07 

46 

26 

02 

12 

11 

59 


H Indexr 

SPREADSHEET 
Lotus 1-2-3 2.01 

Block copy 
Recalc 

Load Monte Carlo 
Hecalc Monte Carlo 
Load flargeS 
Recatc rlargeS 
Recalc Goal-seek 
Microsoft EMcel 2.0 
Fill right 
Undo fill 
Recalc 
Load liargeS 
Recalc riargeO 


4.10 


02 

01 

14 
02 
63 
01 
02 

02 

55 

01 

15 
01 


□ Index: 

2.33 

SCIENTIFIC/ENGINEERING 


AutoCAD 2.52 


Load SoftWest 

:25 

Ftegen SoftWest 

13 

Load StPauls 

!07 

Regen StF^uls 

:03 

Hide/redraw 

5:22 

STATA1.S 


Graphics 

:30 

ANOVA 

:10 

MsthCAD2.0 


iFseoopks 

:08 

FFT/IFFTl024pts. 

:oe 

□ Index: 

6.03 

COMPILERS 


Microsoft C 5.0 


XLisp comple 

2:23 

Turbo Pascal 4.0 


Pascal S compile 

:03 

□ Index: 

3.69 


Compaq Deskpro 386/33 24.6 


20.3 

■i ■ 

L' 


O Indexr 


4.16 


Everex 386/33 22.6 


IBM PC AT 5.0 


Word I —1 
Processing LJ 

Spreadsheet Q 

Database Q 

□ 

Comprlers I I 


Scientific^ 

Engineering 


All rimes are in mmutesiseconds. Indexes show relative pefloimarice; icsr all irkdexes. an 8 -MH 2 IBM PC AT=1. 


’'Cumulalive apptlcarion kndex. Graphs are based on 
tf>dexes at letl and show relalive perTormance. 


LOW-LEVEL PERFORMANCE^ 


Acer 1100/33 


CPU 


DISK I/O 


VIDEO 


Matrix 

205 

Hard Seek’ 


Text 


String Move 


Outer track 

3.33 

ModeO 

7.95 

Byte-wide 

12.66 

Inner track 

3,32 

Mode 1 

7,94 

\Afofd'Wide; 


Half platter 

6.68 

Mode 2 

7.74 

Odd-bnd 

16.43 

Full platter 

10,00 

Mode 3 

7.75 

Even-bnd, 

6.34 

Average 

5.63 

Mode? 

N/A 

Doubleword-wide: 


DOS Seek 


Graphics 


Odd-bnd, 

12.47 

1 -sector 

11.99 

CGA; 


Even-bnd, 

3.17 

32-secior 

21,98 

Mode 4 

1.02 

Sieve 

10.53 

File 1/0^ 


MqdeS 

1.02 

Sort 

8.02 

Seek 

0.03 

Mode 6 

1.08 



Read 

0.92 

EGA: 


□ Index: 

6.60 

Write 

0.80 

Mode 13 

256 



1 ^megabyte 


Mode 14 

2.71 

FLOATING POINT 


Write 

291 

Models 

N/A 

Math 

3.52 

Read 

4.43 

Mode 16 

2,71 

Errors 




VGA: 


Sine{x) 

1.15 

□ Index: 

2.29 

Mode 18 

2.80 

Error 




Mode 19 

0.90 


1 21 



Hercutes 

N/A 

Error 










□ Index: 

2.01 

n Index: 

14.B4 





N/A=Not applicable. 






' All times are in seconds. Rgures were geiwated using ihe 0OBfl/8OS6 



and SD3SS versions 0 ■ 1) of SmaU-C 



CONVENTIONAL 


2 The errors for Floating Point inrScale iJie difference between expected and 

BENCHMARKS 


actual val ues, cornei:^ to 10 digits or nourKied to 2 digits. 


UNPACK 

99.20 

3 Times reported try the Hard Seek and EK9S Seek are tor multiple seek 



operations (number of seeks performed cunentfy set to 100) 


Livermore Loops^ 

f\ O'l'DC 

* Read and write times tor File t/0 are in seconds per 64K bytes. 


(M FLOPS) 

U.u2jg 

* For the Livermore Loops and Dhrystone tests only, higher numbeis mean 

Dhrystone (MSG 5.0) 


faster performance. 




(Dhry./sec) 

11.111 


Compaq Deskpro 386/33 


Everex 386/33 



Diskt/O n 
Video CJ 


For a run description of ell the benchmarks, see “Introducing the New BYTE Benchmarks/ June tSBS BlTTE. 
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BAYTECH 

multiplexer- 

controllers 




BayTech 


1 ACQUISITION 


Enter the picture.^.the BayTech H-Series 
Multiport Controllers—stand-alone multiplexers 
that connect one host computer to as many as 
23 peripheral devices. By cascading, the number 
of devices you can connect is practically unlimi¬ 
ted. Full duplex transmission of asynchronous 
data is provided at speeds up to 38,400 bps. 
These intelligent multiports will operate with 
any RS-232C serial computer or peripheral 
device. (Optional RS”422A). 

The H-Series models have been used ex¬ 
tensively in each of these areas: 



• security and environmental sensing, to im¬ 
prove monitoring capabilities for large and small 
businesses 


Courtesy HoneProtecUoa 
Services. 



• medical data monitoring environments, where 
speedy responses are vital and critical informa¬ 
tion must reach the host computer immediately 




Cuurtesy Siemens Life Support Systems. 



Cqurlcsy Ford Motor Company, 


• industrial robotics-control environments, 
where multiple numerical or assembly-line 
machines can be centrally controlled 



• data exchange among point-of-sale devices, 
through which a myriad of business equipment 
can be operated from one computer 




Courtesy Hu^m Sweda. 



IX MODES OF 
MULTIPLEXING 


To meet individual needs, these flexible, 
multifunctional devices are easily tailored by 
selecting one of six modes of multiplexing: time- 
division, port expansion/sharing, and four modes 
of buffered message multiplexing. In a typical 
application, the host port may be connected to a 


computer and the peripheral ports may be con¬ 
nected to such devices as: bar code readers, cash 
registers, fire alarms, numerical machines, 
modems, plotters, printers, security systems, 
and terminals (see Ulus.), 





RODUCT 
SUPPORT 

BayTech offers unlimited hotline technical 
support before and after you purchase a unit. 
Designed and manufactured in the USA, the reli¬ 
able H-Series is UL- and CSA-listed and fully 
covered by a one-year warranty. 

So pul yourself into the picture.,.call us 
today to learn about the many ways the H-Series 
Multiplexer-Controllers can benefit your 
business. 



Bf^Tech 


Bay Techmcai Assodmes, Inc. 

Data Communications Products Division 
200 N. Second Street, P. O. Box 3S7 
Bay St. Louis, MS39520 USA 
FAX: 60M67’455l 
Phone: 601-467-823J or toil-free 

BOO-523-2702 


Circle 35 on Reader Service Card {DEALERS: 36) 
























































































Hardware Review 


How to Put 
16 Million Colors 
to Work 




Clockwise from top: Trttevision NuVista 4M, Data Translation ColorCapture, 
SuperMac Spectrum/24, Radius DirectCoior/24, and RasterOps CoiorBoard 224. 


Similarity reigns among 
the first video and 
video-graphics boards 
for 32-Bit QuickDraw 


Tom Thompson 


W hat a difference five years 
make, especially for the 
Macintosh. Back when the 
Mac consisted of just a 
small black-and-white monitor and little 
color support, critics asked, “Why 
doesn’t the Mac have color?'* Apple not 
only provided color but, early this year, 
also introduced 32-Bit QuickDraw (see 
“Apple's 32-Bit QuickDraw Covers the 
Spectrum," July BYTE). This enhance¬ 
ment to Color QuickDraw lets Macs han¬ 
dle 16-bit pixels (actually using 15 bits 
for color information, for a range of 
32,767 colors) or 32-bit pixels (using 24 
bits for color information, for a range of 
16,777,216 colors). So, now that the 
Mac accommodates millions of colors, 
the question has become, “What can you 
do with that many colors?" 

Video and video-graphics boards have 
now arrived to answer this question. I 
looked at two categories of NuBus boards 
for the Mac IT family: those that display 
24-bit color (remember, only 24 bits out 
of the 32-bit pixel contain color data), 
and those that capture and manipulate 
video images. 

Well-Equipped Macs 

Thanks to these NuBus boards, a proper¬ 
ly equipped Mac can now tackle imaging 
Jobs that, formerly, only workstations or 
minicomputers could handle. What con¬ 
stitutes a properly equipped Mac? First, 


it must be either a Mac Il-family system 
or a Mac SE/30 with at least 2 megabytes 
of RAM. Only the Mac Ilci contains 32- 
Bit QuickDraw in its ROM, so the other 
Macs require System 6.0.3 and a special 
patch file that*s installed at boot time. 

Although 32-Bit QuickDraw does a 
pretty fair job dithering a “deep" image 
(images using 16- or 32-bit pixels) to ac¬ 
commodate an 8-bil pixel screen, you'll 
need a video board that can display deep 
colors for 16-million-color image pro¬ 
cessing. If you plan to work with your 
own images, you'll need to have either a 
color scanner (see “Full-Spectrum Scan¬ 
ners," April BYTE) or some other 
image-capturing device. 

Buckets of Colors 

In the first category of NuBus boards, 
SuperMac Technology's Spectrum/24, 
RasterOps' CoiorBoard 224, and Ra¬ 
dius's DirectColor/24 not surprisingly 
shared many features (see table 1). All 
came with disks that supplied the re¬ 
quired System 6.0.3 and the 32-Bit Quick¬ 
Draw patch file. I used the boards on a 


Mac II with 5 megabytes of RAM and on 
a Mac Ilex with 4 megabytes of RAM. 

Both the Specirum/24 and the Direct- 
Col or/2 4 can operate without 32-Bit 
QuickDraw installed. That is, you can 
plug in the board and restart the Mac, 
and the Mac Desktop will appear on the 
monitor, although you won't be able to 
set the screen mode deeper than 8 bits. 
This isn't the case for the CoiorBoard 
224: Without 32-Bit QuickDraw, the 
Mac boots, but the monitor remains 
dark. If your Mac uses only this board 
for video, you'll need to set up a boot 
floppy disk with 32-Bit QuickDraw to in¬ 
stall the software and recover from sys¬ 
tem crashes. 

Each board comes with an additional 
one or two edev files that provide special 
features. For example, the Spectrum/ 
24 *s SuperVldeo edev and the Color- 
Board 224's CB 224-11 edev both al¬ 
lowed me to zoom and pan. These fea¬ 
tures come in handy if you're creating 
detailed artwork or CAD and need to 
view a close-up section of the image. 

continued 


DECEMBER 1989 • BYTE 189 








REVIEW 

HOW TO PUT 16 MILLION COLORS TO WORK 


Table 1: Sid>tie features distinguish the initial entrants in the 24-bit color video board market. 

24-eiT COLOR BOARDS 


Board 

Screen 

mode 

(btte/pixel) 

Screen 

size 

supported 

Pixel 

clock 

(MHz) 

Refresh Zoom 
rate 
(Hz) 

Pan 

Upgrade 

board?* 

Expanded 

desktop^ 

Other features 

Spectrum/24 

1.2,4, 8,24 

640 X 4803 

30.24 

66.7 

2X 

Yes 

No 

4096 X 1536 

Home cursor; center dialogs; 



1024 X 768 

64 

60 





optional oscillator drives; 










m ulti sca n or N TSC displays 

ColorBoard 224 

1,2,4, 8, 24 

640 X 480 

30.24 

66.7 

2X, 

Yes 

No 

4096 X 1024 

Center dialogs; pop-up 



600 X 600 

50 

66.7 

4x 




menus; adjust pan border 



1024 X 768 

64 

60 





and rale; board switches set 










screen size 

DifectColor/24 

1.8, 16, 24 

1152 X 882 

100 

72 

N/A 

No 

Yes 

N/A 

Center diaiogs; tear-off 


menus; enlarged menu font; 
pop-up screen bit-depth 
changer; cursor locator; 
adjustable windows tor 
enlarged menu bar; zoom box; 
options for multiple monitors; 
screen saver; screen capture 

1 DirectColor/16 board displayirtg 16-bit coloi^ accepts acfditionet video RAM to convert board to a DirecColori24. 

^ Maximum size given, with screeri in 1-tHl mode (2 bit mode lor CoiorBoard) Expanded desktop is at the expense cf pixel depth—that is. the larger the e«parvdod desktop, 
me fewer colors that cart be displayed. Smelter expanded desktop configuraiions are possible, usnig more colors 

3 Must ctiange osdHalor on board to use this screen size. 



Output from the Spectrum/24 (top left), DirectColor/24 (top 
right), and ColorBoard 224 (bottom right) video boards. 
These hoards use 32-Bit QuickDraw to display as many as 
16. 7 million colors. The Spearum/24 accommodates both 
Apple *s MacsBug and ICOM Simulations ' TMON debuggers, 
making it a good choice for software development work. It's 
also the least expensive of the the three boa^s. 
DirectColor/24, when teamed with its two-page monitor, is a 
candidate for color desktop publishing and CAD/CAM. The 
ColorBoard 224 supports several display sizjes. Its CB 224-11 
cdev provides zoom and pan features helpful to those who 
create detailed artwork or CAD images. 
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Table 2: Video-graphics boards feature image input and output choices. 

VIDEO-GRAPHICS BOARDS 


Board 

Image 
capture 
size (pixels)^ 

Output 

image 

format 

Output 

image 

depth (max.) 

Video 

input 

Video 

output 

Genlock 

display? 

Act as 
Mac 

mode (bits) 

Serves as 
Mac video 
board 

Zoom^ 

CoiorCapture 

640 X 480 NTSC 
512 X 768 PAL3 

TIFF (24-bit). 
IMAGE-* 

16-bit 

NTSC. 

PAL3 

RGB. 

NTSC.5 

PAL3 

Yes 

No 

N/A 

2X-10X 

NuVista 4 M 

756 X 485 NTSC 
768 X 575 PAL 

TGA (32-bit). 
PICT 

32-bit 

RGB® 

RGBS 

Yes 

Yes 

1.2, 

4. 8. 

16. 32 

2x, 

4x. 

8x, 16x 


' Maximum capture aze; can be vaned 

3 For the CoiorCapture. zoom applies to examir^tion of captured image. Fa the NuVista, zoom applies to the Mac display, which can indude the captured image 
3 Requires diffaent version of CdtorCapture board 

* Propnetary format 

* Composite. 

« Requires a separate video encoder/decoda unit to handte NTSC and PAL video 


The DirectCoIor/24’s II Display 
cdev provides tear-off menus (the Color- 
Board 224 provides pop-up menus), a 
screen saver, and a screen-capture func¬ 
tion. The screen capture is an asset be¬ 
cause it allows you to import 16- or 32-bit 
images to a PICT file. For example, you 
might run an application simulating com¬ 
plex turbulence flow on a mainframe and 
thei\ capture the plotted image to a file 
from the Mac’s screen. 

If you must change to a different or 
larger monitor, both the Spectrum/24 
and the ColorBoard 224 support several 
display sizes. However, the Spectrum/24 
requires a ticklish oscillator swap that in¬ 
cludes prying a component off the video 
board and plugging in a new one; the 
ColorBoard 224 manages this feat with a 
set of switches. The Spectrum/24’s ad¬ 
vantage is that you can add optional oscil¬ 
lators to drive different monitors, such as 
a multiscan or National Television Sys¬ 
tem Committee (NTSC) RGB monitor. 

The DirectColor/24 drives only a Ra¬ 
dius Color Display, an impressive 19- 
inch monitor with a 1152- by 882-pixel, 
82-dot-per-inch screen. The $4295 Color 
Display simultaneously shows two letter- 
size pages, making it valuable for desk¬ 
top publishing. Because these pages are 
in 24-bit color, the DirectColor/24 and 
Color Display combination also suits 
color prepress applications. 

Deep pixels and large screens make 
for lots of data for the Mac to draw, so 
the boards draw screens slower than 8-bit 
boards do. Fortunately, Apple optimized 
32-Bit QuickDraw’s graphics routines 
for speed so that the drawing rates are 
reasonable. However, Radius is also 
shipping an accelerator board that boosts 
the execution speed of certain graphics 


operations when used with its DirectCo- 
lor boards (see the text box “The Quick- 
Color Option’’ on page 194). Other board 
vendors have also announced plans to in¬ 
troduce accelerators in the near future. 

L 

boards draw screens 
slower than 
8-bit boards do. 

Since debuggers tend to be hardware- 
specific, I wasn’t surprised that Apple’s 
MacsBug 6.1 and ICOM Simulations’ 
TMON 2.8.2 debuggers didn’t work with 
these boards. But I found an easy solu¬ 
tion: If the 24-bit color board is the sec¬ 
ond video board in your system, make 
sure that the Mac scans the standard 
video board first when booting. You can 
ensure this by placing the board in the 
slot next to the power supply on a Mac II. 
If you’ve got only the 2^bit video board, 
both companies offer solutions: Apple’s 
MacsBug 6.1B1 is compatible with 32- 
Bit QuickDraw, and ICOM Simulations 
offers an Extended User Area (EUA) file 
that configures TMON to operate with a 
32-bit display. Contact the companies’ 
technical support to obtain copies. 

Because of the debuggers’ low-level 
interaction as they write to the Mac’s 
screen, some boards didn’t fare as well as 
others with the newer MacsBug and 


TMON EUA. The Spectrum/24 worked 
fine with both debuggers. The Color- 
Board 224 worked with the new TMON 
EUA, but it stopped at start-up with 
MacsBug. For the DirectColor/24 
board, MacsBug loads successfully, as 
does TMON, if the screen mode is 8 bits 
or less. But once you’re in the debugger, 
the best you can do is engineer a “soft 
landing** for the system by making the 
Mac reboot, because you often can’t re¬ 
sume execution at the interrupt point. 

Tough Choices 

These three boards offer similar features 
and excellent results, so choosing one 
over the others is tough. However, your 
decision can be guided by the type of 
work you want the board to perform. If 
you’re doing color desktop publishing or 
CAD/CAM, go with the DirectColor/24 
and Radius’s two-page display. For bud- 
get-conscious software development 
work, use the Spectrum/24—it handles 
both debuggers and comes in at the rela¬ 
tively low cost of $3999. 

If you do professional artwork or 
graphics design where you need to zoom 
in for detail frequently, that’s the Color- 
Board 224’s strength. Or you might want 
to consider a stripped-down version of 
the NuVista (see the following section) 
as a video board in addition to using its 
graphics coprocessing and image-cap¬ 
ture capabilities. 

Scene Stealing 

In the video-graphics board category, I 
looked at Data Translation’s CoiorCap¬ 
ture board and Truevision’s NuVista 4M 
(see table 2 for a summary of features). 
The CoiorCapture board gets you into the 

continued 
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Spectrum/24 

ColorBoard 224 

DirectCo lor/24 


Company 

SuperMac Technology 

RasterOps Corp. 

Radius. Inc. 



485 Potrero Ave. 

2500 Walsh Ave. 

1710 Fortune Dr. 



Sunnyvale, CA 94086 

Santa Clara, CA 95051 

San Jose, CA 95131 



(408) 245-2202 

(406) 562-4200 

(408)434^1010 


Price 

Spectrum/24: $3999 

ColorBoard 224: $5195 

DireGtCotor/24: $4995 



IS-inch Tritron display: $4200 

19-inch Tritron display: $4195 

19-inch Color Display (includes 





stand): $4295 





QuickColor Accelerator: $795 



Inquiry 856. 

Inquiry 857, 

Inquiry 858. 



Note: For all products, required hardware is a Mac ll-farruty computer with 2 megabytes of RAM rur^ning System 6.0.3^Find5f B t and 32-Bit QuickDraw 


image-capture game quickly with its 
plug-and-play setup. You simply install 
the board and software and attach the 
video cable to the board’s video port, 
and you’re set. The software consists of 
32-Bit QuickDraw, a diagnostic applica¬ 
tion that checks the board, and a Color- 
Capture application. 
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I used a VCR and some tape record¬ 
ings of TV programs as my video source. 
When you launch the ColorCapiure ap¬ 
plication, a Focus on MAC Display menu 
selection presents a small 320- by 240- 
pixel window with 32 shades of gray on 
the Mac’s monitor. This window shows a 
miniature of the video image, which is 


updated approximately two to three 
times a second. The window’s limited 
resolution and the display’s slow refresh 
rate correlate to the overhead required to 
capture and present an image on the 
Mac’s screen. 

In this mode, you can click on the 
mouse to capture a scene, although there 












Circlt l7Qon Reader Service Card (DEALERS: 171) 

WILL FLIP OVEROUR TOOLS 



JAM has everything your programmers need to prototype and 
build full-featured applications. And you 11 see application feats 
performed in half the time. ^ Jj\M applications incorporate 

the sophisticated features users demand. Mix text and graphics, 
pop-up windows and pull-down menus without sacrificing 
pe rtbrm an ce or exhaustin g you r budget. ^ And J AM 

supports most hardware platforms, operating systems and 
databases. If you move to a new system, your JAM applications 
move with you. Nothing is lost and the user interface is 
consistent th roughout your organization. ^ So get JAM into 
the act. Enjoy added performance without added cost or 
development time. You 11 have everybody cheering. ^ lb 

receive a free demo diskette and find out more about the JAM 
family of software pmducts, call our toll-free hotline today f 


800-458-3313 

In NY, call 212 267-7722 
or FAX 212-6080753 

HjfflKiiJLHT * XKNIX* UHIX* VWH.’- IJ3 J'ltJ >[ • • I'lUmH..* lltMX* 
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Data Translation 
100 Locke Dr, 

Marlborough, MA01752 
(508) 481-3700 

ColorCapture (NTSC and PAL): S2995 
Video t/0 cable; $125 
Photo Mad .1 software: $795 


Inquiry 859. 


can be a slight delay between the time 
you trigger the capture and when the 
image is actually digitized. To catch the 
exact scene you want, watch the video on 
a TV set or an external monitor and seize 
the scene with the Grab Image selection 
from the keyboard. 

You can zoom in on an image to exam- 


NuVistajliyi 

Truevision, Inc, 

7340 Shadeland Station 
Indianapolis, JN 46256 
(800) 858-8783 

NuVista4M: $6495 
NuVista 2M: $4495 
NuVistalM: $2995 
VIDI/0 Box (NTSC): $995 
V[DI/OBox(PAL): $1995 
RGB cables: $60 

RGB cables with alpha channel; $60 
NuVista 34010 toolkit: $1500 
(NuVista 2M can be upgraded with video 
RAMtoNuVsta4M) 


ine details, but that’s about it. The board 
lets you save the image as a TIFF or 
IMAGE (Data Translation's own format) 
file. The company plans a future version 
of ColorCapture to allow you to crop and 
change the bit depth of images and save to 
more file formats. Data Translation's 
PhotoMac application, normally used for 


color image manipulation, offers a cap¬ 
ture function that works with ColorCap¬ 
ture. From within PhotoMac, you can 
grab an image and then work on it with a 
number of retouching tools or make a 
color correction. 

PhotoMac 1.1 takes about 10 seconds 
to open a window with the captured 
image. As with the Focus on MAC Dis¬ 
play capture, there's an image lag be¬ 
tween the time you initiate a capture and 
the time an image actually shows up on 
the Mac's screen. However, PhotoMac 
gives you the opportunity to work on the 
image, save it in additional file formats, 
and print it. 

Swiss Army Knife 

Although it serves as a frame grabber, 
Truevision’s NuVista 4M video-graph¬ 
ics board is hard to categorize. That's be¬ 
cause the NuVista does practically 
everything. First, it serves duty as a typi¬ 
cal Mac video board, handling modes 
from black-and-white to 32 bits per 
pixel. Second, it can drive a variety of 
monitors: interlaced, noninterlaced, 
NTSC, and PAL. Next, when running 
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R adius claims that its $795 Quick- 
Color Accelerator, an optional Nu- 
Bus board that works in tandem with 
Radius video boards* boosts the perfor¬ 
mance of certain 32-Bit QuickDraw op¬ 
erations by 600 percent. Although our 
tests showed much more modest results 
overall, the need for an accelerator is 
apparent to anyone familiar with 32-Bit 
QuickDraw. 

QuickDraw normally takes an appli¬ 
cation's graphics call and reduces it to 
low-level graphics primitives. For ex¬ 
ample* drawing a filled square invokes 
a procedure that draws a rectangle* then 
a bit-transfer procedure that fills it. 
These primitives are called “bottleneck 
routines" because their efficiency af¬ 
fects how fast objects are drawn. You 
access them via pointers; this makes it 
easy to swap out a routiners code by 
simply changing the pointer's address. 

The Mac's CPU must execute large 
amounts of QuickDraw code and move 
volumes of data (particularly if an 
image is 24 bits deep) when drawing to 
the Mac's screen. The problem is par¬ 
ticularly acute for large displays, like 
the Radius Color Display with over a 
million pixels. 

A major problem involves the data 
transfer rate from the Mac's main mem¬ 
ory to the video board's frame buffer on 
the NuBus. For the Mac's CPU to write 
to the NuBus, it must first synchronize 
this I/O operation with NuBus opera¬ 
tions, which are handled by a chunk of 
complex hardware logic termed the Nu¬ 
Bus state machine. Additional clock 
cycles are required to drive this state 
machine. Radius has calculated that the 
transfer rate from main memory to the 
frame buffer on a NuBus board is 3.S 
megabytes per second. 

The Solution 

The QuickColor board improves data 
transfer rates by moving the bulk of the 
drawing operations onto the NuBus. 
This is done by patching some (but not 


all) of the QuickDraw bottleneck proce¬ 
dures and using a 5-mi!Iion-instruction- 
per-second Acorn VL86C010 RISC 
processor on the QuickColor board. 
When the Mac boots, an INIT loads 
multitasking code into the RISC proces¬ 
sor's static RAM and also patches the 
QuickDraw bottleneck procedures. 
When an application performs drawing 
operations, the patched routines write 
RISC instructions to the QuickColor 
board instead of writing pixel data. 

The RISC processor executes these 
instructions and manipulates the video 
board's frame buffer. With drawing op¬ 
erations occurring on the NuBus, the 
overhead of the NuBus state machine is 
eliminated or reduced. Since all Radius 
video boards can handle NuBus block 
transfers, the QuickColor board can act 
as a NuBus master and blasts data to the 
video board's frame buffer at rates of 27 
megabytes per second. 

Certain drawing operations don't 
benefit from this scheme. For example, 
it can't handle off-screen pixel maps, 
the color images that reside and are 
manipulated in the Mac's main memory 
and then transferred to the board’s 
frame buffer. However, once this data 
is in the frame buffer, the QuickColor 


board can perform other operations, 
such as scroll ing the image in a window. 

Test Results 

I tested the QuickColor on a Mac Ilex 
equipped with a DireclColor/24 board 
and a Color Display. I first constructed 
a two-page PageMaker 3,0 document 
loaded with 24-bii scanned images and 
text. I limed my scrolling about the 
document with the QuickColor Acceler¬ 
ator enabled, and then with it disabled. 
The results appear in table A. Results 
vary because portions of the images had 
to be fetched from main memory as the 
document scrolled across the screen. 
The overall improvement in screen 
drawing averaged 33 percent. 

Text handling showed a noticeable 
improvement as well: In the 24-bit 
mode, I scrolled several times faster 
through a text-oniy MindWrite 2.1 
document. This outpaced scrolling the 
same document, unaccelerated, in the 
8-bit mode, which took 55 seconds. The 
boost for handling text is significant 
since 32-Bit QuickDraw performs poor¬ 
ly in this area. These tests indicate that 
the QuickColor Accelerator's perfor¬ 
mance boost may be useful for color 
prepress work. 


Table A: The following times (in seconds) gauge video activities with and 
without the QuickColor Accelerator. 

ACCELERATOR TESTS 

Unacceierated Aceelerated 


Scroll two-page PageMaker document, 
24-bit mode 


Scroll left 

44 

40 

Scroll right 

41 

28 

Scroll down 

37 

22 

Scroll up 

24 

11 

Scroll down lOK-byte MindWrite document, 

24-bjt mode 

Scroll left 180 

48 


32-bit pixel displays, it can use that spare 
byte as an alpha channel to overlay video 
with an image or text. Finally, it offers 
an on-board 50-MHz TMS34010 graph¬ 
ics coprocessor* which can generate 
graphics and animations. 

Since the board's output is RS-170 
RGB, both the Mac Desktop image and 
the coprocessor graphics can be dis¬ 


played and recorded. However, for the 
board to handle any sort of composite 
video input or have its output saved to a 
VCR, you will need to have a video en¬ 
coder/decoder unit to convert analog 
RGB video to composite video signals. 
Truevision provides an optional two-way 
encoder/decoder unit called the VlDI/0 
Box for this purpose. 


Installation is a little bit more compli¬ 
cated for the NuVista board than for 
some of the others. Putting the board in 
the slot is easy enough, but then you have 
to install the proper video driver for the 
monitor that you'll be using. The Nu- 
Vista SetUp application loads the appro¬ 
priate driver from a NuVista Driver file 
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If work is hellr here% one personal computer 

built to take it. 


If you want a computer that can 
take the heat, look at Tatung. 
Because before we ship any 
Tatung computer, our engineers 
roast, test and run every com¬ 
puter board at 117® Fahrenheit 
for 72 hours. If it doesn’t survive, 
it’s not a Tatung. 

You don’t have to work in hell, 
of course, to appreciate superior 
Tatung performance. Let’s say 
you want to work fester. 


Our new 386SX 
is a fast 386 ma¬ 
chine that runs all 
386-bascd applica¬ 
tions. At a 286- 
class price. 

And , 

our engineers _ i m 

didn’t just wire a 386 processor 
onto a 286 motherboard, our 
386SX design significantly 
improves system performance. 





If you are hot for 
performance and reliability, 
look for the Tatung 386SX. 

It’s hot. 

See your Tatung dealer, or 
call us, toll-free, 24 hours 
for complete information: 

1 (800) 765-2345. Tatung 
Company of America, Inc., 
2850 El IVesidio Street, 
Long Beach, CA 90810. 
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onto the board. These drivers support up 
to 1536 by 485 pixels (NTSC interlaced) 
or 756 by 485 pixels (NTSC noninter¬ 
laced). Be careful if you*re using this one 
board for your Mac screen and you want 
to try loading a different driver (perhaps 
for a larger display). The driver may 
black out the screen, and relaunching the 
setup application to reinstall an alterna¬ 
tive driver is awfully difficult. 

For the test setup, I routed VCR output 
through a VIDI/C) Box to the NuVista 
board. The NuVista alternately drove an 
AppleColor RGB monitor and an NEC 
Multisync XL monitor. The displays 
were rock-steady except during image 
capture, 

rf you're using a noninterlaced moni¬ 
tor with the board, you won’t be able to 
view live video on the screen while cap¬ 
turing an image. As with the ColorCap- 
ture, T most easily obtained images using 
the Capture Image menu command with 
the keyboard. Be aware that the display 
momentarily goes berserk during image 
capture as the board shifts to interlaced 
frequencies to capture the image. 

You can save the image as a PICT (32, 
16, or 8 bits deep) or 32-bit TGA file. 


This TGA format is identical to the 
TARGA file format used by Truevision 
boards on PCs, and it’s useful for shar¬ 
ing images in a shop with different com¬ 
puters, The company provides Apple File 
Exchange translator files that can con¬ 
vert a PICT file to a TGA file and back. 

By routing the Mac monitor’s output 
back to the VIDI/O Box and then to the 
VCR, 1 taped scenes of the Mac Desktop. 
However, the 1-pixel-thick horizontal 
lines that are present on every Mac win¬ 
dow flickered annoyingly. According to 
the NuVista manual, this happens be¬ 
cause these lines are displayed only half 
the time on an interlaced display. You 
must carefully adjust the Desktop colors 
to reduce this shimmering effect. 

Spectrum of Opportunities 
Both boards did a good job of capturing 
NTSC video images. The images weren’t 
as sharp as scanned images, but that’s 
due to the limitations of the video signal, 
not the boards. 

The NuVista board is more versatile 
than the ColorCapture in several areas, 
and the software seems more mature. 
But the NuVista requires the encoder/ 


decoder for composite video. In this re¬ 
spect, the ColorCapture holds the advan¬ 
tage—you can set it up quickly and use it 
right away with your VCR or camcorder. 

Professional artists had contended that 
computers wouldn’t replace conventional 
materials until they worked with mil¬ 
lions of colors. With these boards, the 
Mac achieves this goal. Artists now have 
the large pixels required to adequately 
represent subtle changes in hue. Scanned 
photos can be displayed realistically, 
which makes electronic retouching pos¬ 
sible. Images can be imported and pre¬ 
viewed in page-layout documents, open¬ 
ing up a new market in color desktop 
publishing. 

What can you do with millions of 
colors? Plenty. Five off-the-shelf boards 
already capitalize on using that many 
colors, and these products are just the 
start. Best of all, this accessible technol¬ 
ogy isn't rocket science. So I leave image 
workers with a new question: “What are 
you waiting for?” ■ 


Tom Thompson is a BYTE senior techni- 
cal editor at large. He can be reached on 
BIX as **tom_thompson." 
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Buying from the manufacturer 
afways guarantees the finest 
quality, best service and 
lowest pricing. 

We manufacture our products with the biackest matrix 
irjk. premium high density nyion. precision engineered 
pfestics and "‘Rem"'atr refrigerated loading equipment 

COLORS 

BLUE - GREEN - PURPLE - RED 
Add $1.10 to your price per unit 
Nylon only 

Minimum Ordsr 6 Ribbons 


CARTRIDGE mmU^ fNYlOK 
Nd. Descrlpllon Price Ee. ISiackj 


1&0 Apple Imagewriter II 4/C...... 8.^ 

114 Apple Imagewriter/DMP.3.25 

127 Brolher IW1509/1709.....5 75 

104 Canan A-1200. 4.95 

109 Cenlronics 350/351/352/353.. 9.35 

118 Citizen LSP 12GD/10OO 4,95 

169 Citizen ft/lSP 10/20.....2J5 

167 Citizen MSP 15/25. 3,85 

123 Comrejf 420 .. 7.55 

131D Data Products B-300/600. 5.45 

28D Epson EX 800/1000.4.65 


165 Epson FX/MX/RX70/60/85... 2.75 

167 Epson FX/MX/RX 100/185/286.. 3.85 

288 Epson Lq5OO/Lq0OO/Lq65OH.D.„ 3.85 

289 Epson LqlOOO H.0./Lq1050.... 4.95 


163 EpsonLqiSOO.3.25 

281 Epson Lq2500 H.D.,,..,4.95 

283 Epson Lq2550 . 4.95 

2B3C Epso n Lq2550 4 c ol 0 r.23 00 

287 Epson Lq95a.4.60 

175 Epson LX SO/90..2.75 

145 Hewlett Packard 2631A..12,05 


No. OescripliDn Price Ea. (Black] 

181 IBM 3287/3615 SD Loop.1.95 

195 IBM 3287/3619 SD Cart.. 2 75 

188 IBM 4201 ProPrinterll..4.15 

176 JBM 4202 ProPrinter XL. 4.95 

177 IBM 4207 ProPrinter X24.4.95 

211 IBM 4208 ProPrinter XL24.6 35 

184 IBM 4224.-. 11.25 

875 IBM 4234....,. 22.95 

286 Mannesmann Tally 85. 4 35 

285 Mannesmann Taily 86....4,95 

204 Mannesmann Tally 120/160... 3 35 

205 Mannesmann Tally 140/180... 3.85 

660 NEC Pinwriier P1/P2/P6,..3.95 

661 NEC PinwriterP3/P7...4.35 

662 NEC Pinwriter P5/P9. 4.35 

663 NECP2200H.D.6.05 

210 NEC 5200/5300 Nylon.5.96 

aiOM NEC 5200/5300 M/S.11.75 

210C NEC 5200/5300 4 color.23.00 

209 Okidata 102/183/192/193/ 

320/321. 3.95 

206 Okidata 292 . 5.36 

20B Okidata 293/294 . 6.15 


No. Description Price Ea. |Black| 

212 Okidata393 .. 17.95 

217 Panasonic KXP 1080/1091..... 3.95 

215 Panasonic KXP 1124.4.95 

220 Panasonic KXP 1524........... 7.95 

226 Radio Shack DMP 4CK)/LPV1... 3.25 

235 Radio Shack DMPIOO/LPVII.,. 4.35 

262 Radio Shack/DMP 130...4,15 

282 Selkosha SP800/1000.......... 4 15 

281 Star Micronics 

NB/NL/NP/NX10...... 395 

264 Star Micronics NL/NP/NX 15.. - 5.75 

266 Star Micronics NX1000.3.65 

266C Star NXIOOO 4 color........9 85 

267 Star MicroniCS NX2400. 4,75 

262 Star M icronics R ad ix 10/SR10.. 395 

263 Sta r M icronics Rad ix 15/SR15.. 4.55 

290 Star MicroniCS SD10.4.15 

291 Star MicroniCS SD15....4.56 

245 ToshibaP321/P351.. 3.45 

245 Toshiba PI340/Pi350/PI351.. 3,45 

246 ToshibaP321SL/P341SL 5.05 

247 Toshiba P351SX. 5.70 

135 TrileL,___ 2.86 


No. Description Price Ea. |8lack| 
CARTRIDGE RIBBONS (FILM] 
tGorrectabls / muiti-s trike) 

307 Brother EM2D0HR15 M/S..... 4,15 

158 Diablo Hytypeil M/S...,.2.45 

202 NEC 3500/8800 M/S Flip.5.85 

320 IBM SelectficllH Y Corr...... 1.75 

334 Olivetti ET 201/121 Corr.. 3.35 

3340 Olivetti El 121/361 M/S.. 4.85 

227 Ricoh 1300/1600 M/S...3.25 

TWIN SPOOL INTLON I 

454 Decision Data 6807/6811 / 

6814..7.65 

455 Dec writer LA 30/36 2.75 

462 IBM 3262/5262.-.5.45 

465 IBM 3525 T/S. 335 

464 IBM 5225/5250/5280. 15.95 

470 Okidata 80.82, 92. 93.L35 

467 Printronix 150/300/600.345 

470 Star MicroniCS Gemini 10/1QX.. 1.35 


CALI US FOR 

VOLUNIE DISCOUNT PRICING 


See why corporations such as General Motors, Mobil Oil, AT&T, Eastman Kodak, the U.S. Postal Service and thousands more are now using National 

This is only a pa^iaf fist of our products. Computer brand products. S5.00 shipping/handling m 

all orderi unifsr tSD.OC. Over 


Prices Subject To Change 
Wittioul Notice 


SAVE 50% or more with our National Computer brand products. 


150.00 actual In la irliarQBil. 
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Kodachrome 

TRANSPARENCy 
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an image so sharp and bright you'd think 
you were iooking at a coior siide.' pc wodd 


PBB Superior VGA imager}'. 

One reason why PC World 
BM selected our CM-1296 
VGA monitor as a “Best Buy.” 
There are other reasons, too. 
Reasons you’ll find in every 
Tatung color monitor. Reasons 
that come from solid commit¬ 
ment to “Zero Defect” manu¬ 
facturing and superior quality 
controls. That’s why Tatung 
is one of the world’s largest 


manufacturers 
of color mon¬ 
itors. When you 
work with a 
Tatung color 
monitor, you’re 
working with 
more quality, 
performance, 
and value. The 
point is, you just can’t buy a 
better monitor. 



CM-1296 VGA color monitor. 
12” non-glare CRT. Exm-fine 
0,2Snrim dot pitch. 


Information about the full line 
of Tatung monitors is yours for 
the asking. Simply call our special 
24 hour information tine: 

1 (800) 765-2345. 

Tatung Company of America, 
2850 El Presidio St., Long Beach, 
CA 90810 
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Engineering at its best. 


Circle 309 on Reader Service Card 



























C_ talk/Vie ivs™ 
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C tal k/view s is a development tool for C program¬ 
mers that not only reduces the complexity of 
Microsoft Windows but also slashes development 
time by up to 75%_ 

Delivers on the promise of Object Oriented 
Programming. 

Encapsulates more MS Windows functionality than 
any other tool on the market today. Get MS Windows 
applications off to a fast start with a framework of 
over 50 tested and ready-to-go object classes. 

Provides support for the entire project 

Comes with Browsers, Intelligent Make, Application 

Streamliner, and an Intetface Generator. 

Gives you complete control. 

Programming is still in C - use existing C libraries or 
call Microsoft Windows functions directly. 




Offers real Object Oriented Programming, 

Supports inheritance, encapsulation, and dynamic 
message binding. It is fully polymorphic - write less 
code than with other Microsoft Windows tools. 

Pays for itself on even the smallest project 
Only $450.00 with no royalties. 

Comes complete with source code. 

Watch for : C_talkA^iews for OS/2 PM, 
the Apple Macintosh and X Windows. 

Develop one program for all platforms. 

C_talk/Views 

From CNS, Inc. 

CNS, Inc., Software Products Dept. 

7090 Shady Oak Road, Minneapolis, Minnesota 55344 
(612) 944-0170, Fax (612) 944-0923 

C Copyn^i CNS. Inc. All rights rasHved. hriicrosott is a reglstared irademarH, ol hAIcnisott Corpcralimi 

C .lalkA^iews is a TradefnarK of CNS. Inc. C_lalk b a negiatered fFatfemark of CNS^ Int 
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Watcom’s new 
C compiler unleashes 
the 80386 


Fred Hommel 


W hen Novell went looking for 
a 32-bit compiler for use 
with the NetWare 386 de¬ 
veloper’s kit, the company 
selected Watcom’s. That compiler, pack¬ 
aged for use with DOS extenders from 
Phar Lap and Eclipse Computer Solu¬ 
tions (formerly A.L Architects), is now 
available directly from Watcom, 

In addition to tapping the full power of 
the 80386, Watcom C 386 provides li¬ 
brary and source compatibility with the 
de facto Microsoft standard. The pros¬ 
pect of being able to port programs from 
DOS, as well as Unix, was very exciting. 
Of course, any programs you port or 
write will run only on 80386 or 80386SX 
computers, but if speed and a large ad¬ 
dress space are what you need, this sys¬ 
tem can deliver. 

All this power isn’t cheap. The com¬ 
piler itself will set you back $895, but 
that’s not all you need. To run the pro¬ 
grams you compile, you’ll need a DOS 
extender—a program that kicks the 
80386 into its native protected mode 
while presenting a DOS-like interface to 
programs. Phar Lap’s 386|ASM/LINK 
costs $495; the debugger, 3861 DEBUG, 
costs an additional $195. Eclipse Com¬ 
puter Solutions’ OS/386 sells for $495 
and includes a debugger. 

At the Starting Gate 

To test Watcom C 386, 1 used the latest 
version of OS/386. This version is less 
well known than the Phar Lap DOS ex¬ 


Power to the 
Programmer 


tender, but it’s a powerful product. The 
operating system is supplied in the form 
of a TSR program, which is removable 
should you need the space for other 
tasks. One intriguing feature is a driver 
that you can use to run well-behaved 
DOS programs in virtual 8086 mode. 
Such programs can then use the device 
space above 640K bytes and so effective¬ 
ly address 960K bytes of RAM. The GI¬ 
VE AMEG utility tweaks the header of 
an otherwise unmodified DOS program 
to make this possible. 

The protected-mode loader, UP (the 
equivalent of Phar Lap’s RUN386), 
loads and executes such programs, as 
well as full 32-bit applications that run in 
protected mode. After you’ve developed 
a 32-bit application, you’ll want to dis¬ 
tribute it. Eclipse Computer Solutions of¬ 
fers its BIND utility, which bundles a 
DOS extender kernel with your applica¬ 
tion, on quite reasonable terms. The 
manual that comes with OS/386 is su¬ 
perb and covers just about everything you 
need to know, 

1 used OS/386 because I’m more fa¬ 
miliar with it than with the Phar Lap 
tools. Although Watcom supports both 
DOS extenders, Watcom C 386 is clearly 
Phar Lap-oriented, which made getting 
started a bit tricky. First, because the 
linker provided with OS/386 doesn’t 
support the Phar Lap object-module for¬ 
mat—it’s from Lahey, the FORTRAN 
company—you have to run the Watcom 
libraries through the Lahey library man¬ 
ager in order to get them into the right 
format. 

Then, because of differences between 
the two DOS extenders, you have to re¬ 
place the start-up modules. Since the 
library manager insists on appending 
.OBJ to any filename you give it, you 
must rename the Watcom start-up files— 
CSTART3R.LBJ and CSTART3S.LBJ- 
using .OBJ extensions, lest the library 
manager tells you that it can’t find the 
file CSTART3R.LBJ.OBJ. (I figured 
this out from a README file in the 


OS/386 distribution disk; Watcom should 
mention it in its own documentation.) Fi¬ 
nally, the Watcom compile-and-link 
tool, WCL386, generates a command 
file for Phar Lap’s linker, so if you’re 
using OS/386, you’ve got to roll your 
own compile-and-link batch file. Once I 
sorted these matters out, I was off and 
running. 

The Watcom C 386 toolkit includes a 
stand-alone preprocessor (WCPP386), 
the compiler’s front end CWCC386), the 
compile/link tool (WCL386, which cur¬ 
rently supports just the Phar Lap linker), 
two code generators (386WCG and 
3g6WCGL), a make utility (WMAKE), 
a patch utility for upgrading the compiler 
and tools (WPATCH), an object file dis¬ 
assembler (WDISASM), and a text editor 
(WEDITC). The stand-alone preproces¬ 
sor is a nice touch; macro expansions can 
get tricky, and it’s a good idea to be able 
to review the code that’s actually fed to 
the compiler. 

The code generators differ only in the 
memory models they embody: 386WCG 
is a medium model program (big code, 
small data), and 386WCGL is a large 
model program (big code, big data). 
You’d use 386WCG to coexist with, for 
example, a resident network shell, and 
switch to 386WCGL should the medium- 
model program’s optimizer run out of 
memory. 

The documentation includes a user’s 
guide, a C language reference, and a li¬ 
brary reference. The library reference is 
in much the same format as the one that 
comes with Microsoft C 5.1, except it has 
a good table of contents with all the func¬ 
tions listed alphabetically. Each func¬ 
tion’s description has six parts. The Syn¬ 
opsis section tells you what include file 
you should use, and it gives a function 
prototype. The Description, Returns, 
See Also, and Example sections do what 
their names suggest. The Classification 
section identifies a function as one of 
ANSI, POSIX, DOS, or WATCOM. 

continued 
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S14ST 

Complete 
Communications, 
ONE Software 
Package. 



PC, MAC, UNIX, XENIX, VAX, 
and more. Link 30 popular operating 
systems. Connect and manage file 
transfers around the office or around 
the world. 

RIGHT OUT OF THE BOX 

Use regular modems, V.32. new 
high speed modems, X.25, LANs 
. . . BLAST links them all. 

FOR INSTANT NETWORKS 
Link two computers or 2(X)() . . . with 

• One easy, identical interface 

• One set of commands 

• One powerful .script language 

• One reliable program 
WITH ALL THE FEATURES 

• Bulletproof file transfer 

• rcrminal Emulators - VT 100/220, etc 

• Scripting for customized routines 

• PC to PC Remote Control 

• Fully automated operation 

• Unbeatable noi.se resistance 

API HOOKS TO LINK BLAST 
TO YOUR PROGRAM 

• Over 50,000 users worldwide 

• Top-Notch technical support 

Call 800-24-BLAST 


APPLE . 

MACINTOSH 

IBM PC-n.AtP8/2. ... 

MS-D0S<SC0 XENIX. UNIX V 

UMX Systems. 

UNIX V3.4 2.386 

DEC. 

VMS,RSX,R1^11. ULTRIX 

DATA QENERAl. 

OOS.MPOS.RDOS.AOSVS 

HARRIS. 

VOS.UNIX, XENIX 

HEWlEn-PACKARO... 

MPE.RTE.UNIX 

IBM. 

VM/CMS/MVS/TSO 

PRIME. 

PRIMOS 

UNISYS.. 

BTOS.CTOS.UNIX 

WANG. 

VS OS. MS-DOS 

... plus mtey more 


1 BIAST ilLJH 


EMLZJ 



BLAST 


Communications Research Group 

5615 Corporate Blvd • Baton Rouge. Louisiana 70808 


(504) 923-0888 800-24-BLAST 


Watcom C 386 


Company 

Watcom 
415 Phillip St. 

Waterloo. Ontario 
Canada N2L3X2 
(800)265-4555 

Hardware Needed 

An 80386 or 80386SX computer with 
640K bytes of RAM 

Software Needed 

Phar Lap’s 386|ASM/LINK or Eclipse 
Computer Solutions’ OS/386 

Documentation 

User's manual; library reference; 
language reference; text editor manual 

Price 

$895 

Inquiry 881. 


The compiler supports five different 
memory models: flat (the default), 
small, medium, compact, and large. 
However, library support is only pro¬ 
vided for two memory models, small and 
flat. You can use only the small model 
under OS/386 due to the constraints of 
the linker provided. Of course, “small” 
in the 32-bit world means 4 gigabytes, so 
there’s no need to feel cheated. In the 
flat model, there are, effectively, no seg¬ 
ments. In the small model, code and data 
are referenced by means of near (32-bit) 
pointers. The far keyword will permit 
use of far (48-bit) pointers. So, for exam¬ 
ple, you can access video RAM from 
within a C routine. 

The compiler has two schemes for 
passing arguments to .subroutines: in reg¬ 
isters (the default) or on the stack. Each 
scheme has its own version of the run¬ 
time library, and if you switch from the 
register scheme to the stack scheme (by 
means of a command-line switch), you 
have to be sure to also use the stack-ori¬ 
ented library. Watcom also provides an 
unusual and powerful pragma syntax 
that you use to gain complete control over 
which registers can receive arguments 
and how they’re passed. 

A word of caution. Routines that take 
variable numbers of arguments must be 
written using the macros defined in the 
ANSI specification, or they won’t work 


properly. Not all Unix programs do that, 
so beware. 

Off to the Races 

To test both the Unix and MS-DOS/Mi¬ 
crosoft compatibility of the compiler, I 
ported a public-domain spreadsheet, sc, 
to the 32-bit DOS environment. The 
spreadsheet itself is a Unix program; the 
PCCURSES package (also public do¬ 
main code) that I used to implement sc’s 
screen and keyboard I/O makes heavy 
use of DOS and BIOS function calls. 

The spreadsheet ported with little dif¬ 
ficulty. The only major snag had to do 
with macro substitution. As it turned out, 
it wasn’t Watcom’s fault. The compiler 
performed per the ANSI draft specifica¬ 
tion. The problem was that the Unix pre¬ 
processor used to develop sc had been a 
bit looser in its enforcement of the rules. 
In the end, Watcom’s technical-support 
department came up with a workaround, 
and I was on my way. 

The next task was to get PCCURSES 
running. It’s written such that all the ac¬ 
tual screen I/O is done through one mod¬ 
ule; you even get a choice of an assembly 
or C version. I chose the C version, and 
in general, things went smoothly. I did, 
however, have to account for a minor dif¬ 
ference between the Microsoft C and 
Watcom C 386 libraries. Both libraries 
use a union called REGS in conjunction 
with software interrupts to the BIOS or to 
DOS. Watcom alters that union to handle 
the register architecture of the 80386 and 
replaces the standard int86 and int86x 
function calls with int386and int386x. 
So I had to rename the int86 and int86x 
calls and make sure that REGS was set 
up properly. That didn’t take long, 
though, because only a handful of func¬ 
tion calls were involved. 

While tracking down the structure 
changes, I ran into the problem of trying 
to debug a program written with the 
compiler. The problem is that there is no 
source-level debugger. Watcom told me 
that it is working on both a debugger and 
a linker. I was able to get by using the CP 
debugger provided with OS/386. 

Once the program was working, its 
power was quickly evident. I filled a 
spreadsheet with 3 megabytes of data 
(from cell aO to czl98) and was able to 
recalculate it in seconds. 

I also ran a set of benchmarks using 
Watcom C 386 and MetaWare’s High C 
386 (under OS/386) and Microsoft C 
(under DOS and OS/2). The tests were 
run on a 2()-MHz Compaq Portable 386 
with 10 megabytes of 32-bit RAM. I 
tested the Watcom compiler using both 

continued 
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ZORTECH 


NEW! AT&T C+ + RELEASE 2.0 
SPECIFICATION 

NEW! MS WINDOWS 
COMPATIBILITY 

NEW! EASY PORTABILITY 
FROM MICROSOFT C 

NEW! C++DEBUGGER & 
EXPANDED C++ TOOLS 

NEW! OS/2 UPGRADE 
AVAILABLE NOW! 



We l/sfened coreft;//^ fo 
what you wonted in o next 
generation MS DOS C+ -f- 
compf/er. The answer is 
Zortech C+ + V2.0 
Deve/oper's 
Edfffon. 


You wonted 
fhe /otesf 
AT&TVZO 
features 
with the 


power 
offered by 
multiple inheritance and 
type safe linkage, so here it 
is. 

You wanted compatibility 
with MS WINDOWS, we 
added it 

You repeotediy osked for 
easier portability from 
Microsoft C we pof foe 
message, ond hove wnTten 
foe Iforory foncffons you 
need. 

You wonted the world's first 
MS DOS C+ + source /eve/ 


SAVE $200 

Get the Developer's Edition 
for only $450 comprising: 

C + + Compiler ($199.95 

C++Debugger i $149.95 
C++ Tools i$149-95; 

Library Source ($149.95 

Total Value $649,80 


DEBUGGER, ond now foe 
wa/t /s over. 

You wonted exponded ond 
improved documenfof/on, 
we bofo 
listened 
and 

delivered. 


You 

wanted to 
be able fo 
upgrade 
fo on 

OS/2 version compiler 
supporting Presentation 
Manager, you did not want 
it to cost a fortune, so /f's 
ovoi/ofa/e 
for $150. 


For many, EMS 
programming support, buf/f 
info foe compiler is 
importont so ff s in foere 
foo. 

You were hoppy using foe 
1 8 dosses provided in 
C++ TOOLS, bufwe 
revised ond exponded if 
onywoy. 

You never os/ced for a free 
TSR library to be inc/uded, 
but we /cnew you'd love fo 
use our neof liff/e package, 
so we inc/uded if tree. 


You /i/ced our 


You want 
fo ioofe of 
fhe 

standard 

library 

SOURCE 

CODE, so 

we ore 

inc/uding 

if. 


Here is our list of highly 
recommended C + + books: 

C+ + L o n gu oge/5t rou stru p $32.23 
C+ + Ansvser Book/Hansen $26.95 
C+ + for C Prog rammers $29,95 
C++ Prlmer/Lippman $30.25 

Ask obouf our new C++ Video Tutorial 


EbASH 
GRAPH/CS 
poc/coge 
for ifs 
speed, buf 
wonted o 
C+ + 

C/oss 
interfoce, 
so weVe 
wriften if* 


How To Order: 

Already own Zortech 
C++? Call the order 
hotline for detoils of our 
low cost u pgr odes. 

To order Zortech C++ 
for the first time, [ust call 
the order hotline. We 
accept payment by 
Mastercard /Vi so/COD, 

Alternatively, mail the 
coupon below with your 
check or credit cord 
details. 

ZORTECH INC, 

1165 Mossochusefts 
Avenue, Ariingfon, A4A 
02174, USA 
Voice6?7-646--6703 
Fox 617-643-7969 

ZORTECH LTD., 

106-7 08 Fowls Street, 
London, SE1S6LU, 
ENGLAND* 

Voice (44)^1-316^7777 
Fox (44)-l-3}6-4138 


CALL 1 -800-848-8408 


Yes! Please rush me the following C+ + V2.0 items: 


Name_ 

Address 


City State Zip 

Visa/MC# ___ 

Exp.Dofe Te/ 

AJI MicfoSoff frademorh Ofe odtnawledged. 


□ DEVELOPER'S ED/T;ON$450 fSo\/e $200) 

□ C+ + COMPILERS) 99.95 

□ C+ + DEBUGGERS 149.95 

□ C++ POOLS $J 49.95 

□ LIBRARY SOURCE CODE $) 49.95 

□ COMPILER & LIBRARY SOURCE $299. 95 
For US orders please odd $5.05 s/iippiVig 


□ OS/2 COMPILER UPGRADE 5)49.95 

□ C+ + V/DEO COURSE $499.95 

□ C+ + Longuage /Sfrousfrup $32.25 

□ C+ + Answer Boofe/Honsen $26.95 

□ C++ for CProgrammers/Pho/ $29.95 

□ C+ + Primer/lippmon $30.25 
Ovrerseos orders of infernaflonal mat/ rafes. 
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Table 1: The Watcom and MetaWare compilers, under OS/386, outperform Microsoft C 5.1 under both DOS and OS/2. 
All times are in seconds. 

COMPILER BENCHMARK RESULTS 


Watcom C 386 7.0 _ MetaWare High C 3861.4 Microsoft C 5.1 


Benchmark 

Iterations 

Register 

Stack 

Aligned 

Unaligned 

DOS 

OS/2 

Fibonacci 

100 

34.28 

44.38 

41.64 

40.92 

42.18 

42.72 

Sieve 

1000 

34.60 

34.61 

45.70 

47.73 

46.58 

47.13 

Quicksort 

1000 

62.18 

63.38 

60.48 

61.02 

111.91 

120.22 

Eight Queens 

1000 

40.09 

45.48 

42.73 

41.96 

59,15 

59.90 

Dhrystones/second 


7334 

6503 

7741 

7714 

606 

5950 


the register- and stack-oriented argu¬ 
ment-passing schemes. Since the 
MetaWare compiler can align routines 
and labels on quadword boundaries—an 
optimization that the Watcom compiler 
currently doesn’t support—I compiled 
under MetaWare both with and without 
that option. As table 1 shows, the Wat¬ 
com and MetaWare compilers (both 
known for quality optimization) turned 
in comparable performances. Both sig¬ 
nificantly outperformed Microsoft C 5.1 


under DOS and OS/2, especially on the 
Dhrystone and Quicksort tests. 

I like this compiler. The library sup¬ 
port is superb; Watcom even includes the 
POSIX directory functions. I appre¬ 
ciated the inclusion of a disassembler. 
The use of registers for passing argu¬ 
ments is clearly a powerful optimization. 
There are a few wrinkles. The lack of a 
debugger is the most obvious one. An¬ 
other is that the only foreign language 
supported is assembly. If you want to 


mix FORTRAN and C in a 32-bit envi¬ 
ronment, you’ll have to find another 
solution (although Watcom says that it’s 
working on a FORTRAN compiler). But 
these are minor and correctable prob¬ 
lems. It’s clear that Novell chose wisely; 
this product is a winner. ■ 


Fred Hommel is an independent software 
consultant specializing in OS/2 conver¬ 
sions. You can reach him on BIX as 

*f hommel. ” 





•y Elevate Your 
Printer C^^abilitie:^ 

Get Laser Capability for Ink 
and Dot Matrix Printers with 
LaserTwin™ from Metro Software 




If you own an inkjet (like the HP 
Desk.Jet^'* *) or dot matrix printer, you 
probably have felt left iK^hind from 
the lastT market. With La-serTwin^^ you 
can expand your printer’.s capabilities up 
to la.ser height. 

Last'rTwin makes your printer behave like 
an HP LaserJet Series and even includes 
HP’s fonts and symbol sets. Now you can also 
take advantage of software for the HP l.a.serJet 
like downloadable .soft fonts. 

Using La.serTwin, your 
.software (including tax, 
forms, and graphic programs) 
prints at the highest resolu¬ 
tion. And with LaserTwin’s 
text formatting language 
and your word processor, 
you can acess de.sktop 


With LaserTwin 
You (’.an Now ILse All 

HP- Compatible 

Downloadable 

FONTS 

(Landscape, too!) 


publishing feature.s. You can also print 
sideways! So you never looked better! 

If you’ve got a mix of dot matrix, inkjet 
and last'r printers, use La.serTwin and .see 
the .same results! Plus, LaserIVin lets you 
print directly from within your application 
and its .spooler speeds up background 
printing. 

So, rather then feeling tied to the ground 
with your printer, get LaserTwin and expand 
your horizons. Act before December 31, 1989, 
and buy LaserTwin at the SPECIAL 
INTRODUCTORY PRICE OF $149! Call us 
today at 1-800-621-1137, ext. R 


®METR0 

’•IWIIIIIl'^ METRO SOFTWARE. INC. 


METRO SOFTWARE. INC 

2509 N. Campbell Avenue, Suite 214 

TlKTion, AZ 85719 

(fi02) 292-0.31.3 (fi02) 292-1.563 


LaserTwin and Metro SupefR>nts 25/1 are registered trademarks ol Metro Software, Inc. All other trademarks are ol their respective manufacturers. Cktpynghi 1989 
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C THE LIMIT! 


MicroWay is your best source for the 
software and hardware you need to get true 32- 
bit performance from your 386. Our NDP C 
compiler takes the original C concept of writing 
lower level code with a higher level language 
to the limit by providing an inline assembly 
language interface that lets the programmer 
specify the exact register used to hold a vari¬ 
able. This feature makes it possible to use ports 
or perform interrupts or block moves inline, 
instead of through calls. The use of register 
aliased variables to control hardware reduces 
the size of critical code sequences by a factor 
of 3 to 10 and keeps the 386's pipelines full by 
eliminating costly calls. If you are Interfacing 
DOS or the ROM BIOS, or writing graphics 
routines, a device driver, operating system ker¬ 
nel, or an embedded application, you owe it to 
yourself to try NDP C-386. 


Our Users Report: 

Miit Capsffuolfs of Ithaca Software in Ithaca, 
NY, develoffer of HOOPS, the highly 
regarded 3D, object-oriented graphics library, 
reports, ‘"We ported a huge library — well 
over 100,000 Hoes — without a hitch, irt less 
than a dayl... We also liked the 
enormous advantage it offers through its 
support of the Weitek coprocessor. ” 


fred Ziegler of AspenTech in Cambridge, 
Mass, reports, ”1 ported 900,000 lines of 
FORTRAN source in two weeks without a 
single problem F Aspen Tech’s Chemical 
Modeiing System Is in use on mainframes 
worldwide and is probably the largest applica¬ 
tion fo ever run on an Intel processor. 

Please call (508) 746-7341 for more information, 


NDP C is also the language of choice if you 
are combining C with FORTRAN or Pascal, are 
planning to use any one of four coprocessors 
that run with the 80386, or require the highest 
globally optim ized code attainable. MicroWay's 
C, FORTRAN and Pascal compilers come with 
a 70 function, device-in dependent graphics 
library that automatically supports 
Monochrome, Hercules, CGA, EGA, and VGA 
adapters and makes It easy to interface 
memory-mapped peripherals such as digitizers 
or serial devices such as mice. We make it 
possible for you to write your own numeric 
exception handler and include examples writ¬ 
ten in C, FORTRAN and Pascal. Finally, ourC 
is not only one of the easiest to use, but sup¬ 
ports two dialects: ANSI and UNIX. In fact, our 
UNIX implementation Is so close to the stand¬ 
ard, that our best customer has become ATsT! 


J; S' I ■; : 


[ 386 Compilers and Tools 


NEW! C++ 


NEW! Cyrix FasMath^ ] 


NDPFoflran-3B6™, NDP C-386™, and NDP 
Pascal-386™ compilers generate globally op¬ 
timized, mainframe quality code that runs on 
the 386 or 436 In protected mode under UNIX, 
XENIX or Phar Lap extended DOS. The com¬ 
pilers address 4 gigabytes of memory while 
supporting the 80287, 80387 and Weitek 
coprocessors. They all come with a library of 
over 70 device-independent graphics, key¬ 
board and sound routines. Applications can mix 
code from all three compilers and assembly 
language. The DOS versions allow the user to 
write his own numeric error handlers and inter¬ 
face 386 real mode programs from protected 
mode. The VM versions use Phar Lap s Virtual 
Memory Manager to run programs which ex¬ 
ceed the size of your system memory. NDP 
FoTtran-386 is a full FORTRAN 77 with 
FORTRAN 66, BSD 4.2, DOD and VMS exten¬ 
sions. NDP C-386 is a full K&R C with both MS 
and ANSI extensions. It is 100% compatible 
with UNIX C and is substantially faster than the 
C which comes with UNIX. NDP Pascal-386 is 
a full ANSI/IEEE Pascal, with extensions from 


C and BSD 4.2 Pascal 
DOS versions (require Phar Lap Tools) . $595 

VM version (requires VMM). ..$695 

UNIX/XENIX versions ..$795 

Phar Lap Development Tools.$495 

Phar Lap Memory Manager (VMM).. .$295 


NDP Windows™ — 80 functions which create, 
store, and recall menus and windows. Works 
with NDP C and drives all popular graphics 

adapters..Library: $125, C Source: $250 

NDP HOOPS™ — An NDP port of Ithaca 
Software's HOOPS, this 3D object-oriented 
graphics library, callable from NDP C, makes it 
possible to develop fyll-featured 386 CAD 

packages and front ends ....$575 

NDP Plot™ — Calcomp compatible plot pack¬ 
age, callable from NDP Fortran. Includes 
drivers for popular plotters and printers. Works 

with MDA, CGA. EGA and VGA.$325 

NDP/FFT™^— The fastest running FFTs on a 
PC! 40 hand-coded routines that handle 1 and 
2 dimensional data arrays. Includes an in core 
solver that spills to disk for arrays too large to 
fit in memory. NDP or 80x87 version ea. $250 
NDP lo HALO '88 Graphics Interface — Lets 
you call HALO ’88 from NDP compilers... $100 


NDP C+-*- is a MicroWay port of the UNIX C++ 
preprocessor version 1.2. It runs in protected 
mode on DOS. UNIX or XENIX, and is ideal for 
writing numerics and graphics applications. 
The product comes with an example of how to 
support complex numbers inC++.$495 


Parallel Processing 


Videoputer™ — The highest performance 
graphics card on the market. Uses a T800 and 
Tl 34010 in conjunction with an 80 MHz Brook- 
Tree DAC.... With one meg $4495 

Monopufer™— Includes one T800 and up to 
16 meg of RAM for parallel code development. 
The four M Whets tones TSOO makes this the 
ideal FORTRAN engine for cost-effective 
execution of your mainframe programs. $1295 

Quadputer™ — This board for the AT or 386 
can be purchased with 1 to 4 transputers and 
1 or 4 meg of memory per transputer. Two or 
more Quadputers can be linked together to 
build networks of up to 100 or more transputers 
providing mainframe power.from $1995 

Transputer Compilers end AppMcatione 
These parallef languages are designed for use 
with either a Mo no pu ter or Quadputer. 

Logical Systems Parallel 0 .. .. $595 

3L parallel O, FORTRAN, or Pascal . $895 
ParaSoft EXPRESS Package:— Includes 
transputer communications libraries, C source 
level debugger and system Performance 

Monitor.....$1500 

COSMOS/M — Finite element analysis. Comes 
bundled with a 4 meg Quadputer. Perfonns at 

near supercomputer speeds.from $7,000 

T800/NAG™ — Features a library of 268 en¬ 
gineering and scieniifio numerical algorithms. 
Callable from 3L Fortran... .$2750 

3S7BASIC™ — Qur 16-bit MS compatible 
compiler introduces numeric register vari¬ 
ables to produce the fastest 80x87 code on 
the market. For "floating-point and other 
complicated mathematical calculations, 
you'll appreciate the extraordinary speed with 
which 3878ASIC handles these processesT 
PC Magazine 10/31/89, _$250 


Cyrix63087 FasMaih™ — Fastest BO-bit Intel 
compatible processor on the market Performs 
transcendentals up to 3 times faster than the 
80387. CX830e7-20: $745 CX83087-25: $925 


Weitek-Based Coprocessor Boards 


mWl167™and mW3167™ coprocessor 
boards are built at MicroWay using Weitek 
components. Each includes an 80387 socket. 


mWl16T-l6.... . $695 

tnWl167-20 .$895 

mW1167 Microchannel-16/20 .. from $995 

mW3l67 Microchannel-25/33 . from $1795 

3167-20 . $995 

3167-25 .$1295 

3167-33 ..$1695 

mW3167/803B7 Board .$200 


V Intel Coprocessors and RAM 1 

8087 . 

. . $84 

80B7-2 .. 

$120 

80287-8 . 

..$195 

80287^10 . . . 

$220 

80387-16 

. $330 

80387-16SX . , 

. $310 

80387-20 

..$375 

80387-25 ... 

$460 

80C287A 

. $280 

80387-33 ... 

$550 


237Turbo-20™This coprocessor board runs a 
specially qualified Intel CMOS 90287 at 20 
MHz regardless of the main CPU speed $450 
RAMpak™ - one meg 32-bit memory module 
for Compaq 386 20/25 .. $295 4 meg . .$995 
Please call for our 100 and 80 ns RAM prices. 



386/3e7Turbo-AT™ — Plugs into the 80286 
socket, allowing your IBM AT to run 32-bii 
pro tected mode code written for the 80386.80387 
socket included. 16 MHz.. $495 25 MHz.. $695 


Multi-User Accelerators 


MicroWay's ATS™ and AT16™ intelligent 
serial controllers run 8 to 16 terminals under 
U NIX or XENIX without bogg ing down your A L 
80386 or PS/2. ATS: $895 ATI6: $1295 


12 MHz PC Accelerators 


SuperCACHE-286 12MHz .$399 

Paste ACHE-286 12 MHz.$299 


Micro 

World Leader in PC Numerics 

Play 

Corporate Headquarters: P.O. Box 79, Kmgston, MA 02364 USA (508) 746-7341 
32 High St, Kirrgstor}-Upor)-Thames, U.K., 01-641-5466 
USA FA X 508- 746-4678 Italy 02- 74.90,749 Holland 40 836455 Germany 069- 75-2023 










































Professional Modula-2 Compiler ... 
just think what the two of you can 


Find out what Stony Brook's fully optimiz¬ 
ing compiler can do for you. You can use 
Modula~2 for all your development 
requirements or you can link with any 
other language that produces Microsoft 
object modules. You can engineer the 
fastest and smallest program possible 
taking advantage of our highly optimized 
code generation, You can compile your 
applications for DOS and OS/2 with no 
changes in the source code. You can 
outperform the competition. You can do 
more than you ever could before. 

The Professional Modula-2 package 
includes an editor intelligent linker sym¬ 
bolic debugger execution profiler and an 
automatic make facility. All these functions 
can be performed from the fully Inte¬ 
grated environment or as separate 
command line utilities. 

© 1939 Gpgeich Micro Systems, (nc 


We also include the best runtime library in 
the industry interface libraries for Micro¬ 
soft Windows, presentation manager and 
QuickMod high productivity environ¬ 
ments for DOS ond OS/2. All for $295. 

The source code for the runtime library is 
available as an option for those who need 
it You can also purchase the QuickMod 
environment in DOS or OS/2, without 
the optimizing capabilities for $95. 

Stony Brook—we design our products 
specifically to improve developer perfor- 
mar>ce. And we know software engineer¬ 
ing. Put us to work for you. 

Call us direct and well mail product 
information to you within 24 hours. 

800/624-7487 
80S/496-5837 and' In tem ationa I 

805/496-7429 Fa* 



Ybur Portner 

in Software Development 


187 East Wilbur Road, Suite 9. 
Thousand Oaks, CA 91360 







Appucation Review 


High-Fashion 
Unix on a PC 



The HP way to make 
a high-quality color 
X Window display 
server out of an IBM AT 


any information about the specifics of 
the physical location or characteristics of 
the server. 

For example, if a client process wants 
to be notified of pointer activity within a 
window associated with that process, it 
sends a request (MotionHotify) to the 
server. The server is responsible for 
managing the physical devices (in this 


case, the mouse and the screen), moving 
the display pointer, detecting when the 
pointer is in the associated window, and 
keeping track of where in the window the 
pointer is located, as well as where the 
window is located in the root window 
(the full screen) and a number of other 
data. The server passes the information 

coniimed 


Ben Smith 


H ewlett-Packard has an excel¬ 
lent budget saver for depart¬ 
ments needing quality color X 
Window user workstations: 
the Accelerated X Window Display 
Server (AXDS/PC) for IBM ATs. A 
quality color X Window workstation 
usually costs more than $15,000. For 
roughly $5000, though, you can upgrade 
a LAN-ready, AT-type computer (such 
as the HP Vectra) to a 1024- by 768-pixel 
color display server. 

Clients and Servers 

The X Window System from MIT is the 
de facto standard graphics window sys¬ 
tem for Unix, It is designed for envi¬ 
ronments where the user terminal con¬ 
nects by a network to several computers 
running the applications that use win¬ 
dows and graphics for the user interface. 
The X Window System works equally 
well on systems where application pro¬ 
grams are on the user*s local computer 
(see “The X Window System,'" January 
BYTE). 

In the terminology of the X Window 
System, the application programs are cli¬ 
ent processes^ and the processes that are 
specific to the keyboard, mouse, and 
display are server processes. The X Win¬ 
dow server processes are responsible for 
interpretation of requests from client 
processes for activity on the server de¬ 
vice. The client processes do not contain 


HP AXDS/PC SYSTEM CONFIGURATION 



77*^ HP AXDS/PC lets you use your IBM AT compatible as an X Window 
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Accelerated X Window Display Server 


Company 

Hewlett-Packard 
4 Choke Cherry Rd. 

Fbckvilte, MD 20850 
(301) 670-4300 

Hardware Needed 

HP Vectra IBM AT or compatible with 
640K bytes of RAM, 6 megabytes of hard 
disk space, HP 82328A Intelligent 
Graphics Controller, HP e2329A, LAN 
card and software, color graphics 
monitor, and pointing device 

Software Needed 

MS-DOS or PC-DOS 3.1 or higher 

Documentation 

Installatfori guide 

Price 

HP AXDS/PC software only: S500 
HP 8232flA Intelligent Graphics 
Controller: $1480 

HP 82329A EGA Emulation Module 
for 82328A: $415 

HP D1188A 16-inch MultiSync Color 
Graphics Monitor: $2795 

Inquiry 882. 


back to the client when an appropriate 
event occurs. In addition, the server is 
responsible for handling character fonts 
and drawing functions and applying 
them to the specifics of the server hard¬ 
ware. 

A machine that is capable of handling 
both client and server processes fits most 
of the requirements of a Unix worksta¬ 
tion (see “Unix Workstations Connect” 
on page 123). 

Workstation or Bisplay Server 
To qualify as a Unix graphics worksta¬ 
tion, the AT would have to run Unix as its 
operating system and be capable of doing 
some of the client processing. However, 
the AXDS/PC software is installed 
under MS-DOS, In fact, even while the 
network and X Window server are run¬ 
ning, you can escape to DOS. Therefore 
this package does not turn an AT into a 
complete workstation; it requires a sepa¬ 
rate Unix machine for running all the 
client processes (see the figure). But the 
niche that it fills is an important one; a 
machine for people who use MS-DOS 
applications and want to avoid having 
two separate machines to do their work. 


High Speed and High Quality 

The design concept is for high speed and 
high-quality graphics processing using 
the base platform of the AT. The weak¬ 
ness of the AT design is that the graphics 
processing speed of the Intel 80x86 pro¬ 
cessor (especially under DOS) is not suf¬ 
ficient to handle the heavy loads of mul¬ 
tiple high-resolution windows. The HP 
solution is the HP 8232BA Intelligent 
Graphics Controller High-Resolution 
Graphics Card. By programming the 
card to perform the X Window opera¬ 
tions, the only services that AXDS/PC 
requires from the DOS machine are pro¬ 
gram storage and loading and font stor¬ 
age and loading. 

To do this, the graphics card has to be 
fast and smart. The key is the Texas In¬ 
struments TMS34010 Graphics System 
Processor (GSP) chip (see the December 
1986 BYTE). This GSP chip runs at 40 
MHz providing short-term performance 
of nearly 5 million instructions per sec¬ 
ond (MIPS). It can address up to 4 giga¬ 
bytes of memory. It has an on-board in¬ 
struction cache for 128 16-bit instruc¬ 
tions, and it has 31 32-bit registers. 

continued 



TECH WANTS PARTNERS 

IN HIGH QUALITY PRODUCTS. 



High Quality in Video Board, see below; 



IBM 

PARADISE 

TRIDENT 

ARA*TECH 


VGA 

VGA 

TVGA 

OPTIMA 1024A + 

MAX VIDEO SPEED 

28 MHZ 

44 MHZ 

7 

65 MHZ 

800x600 — 16 Color 

NO 

YES 

YES 

YES 

640 X 400 — 256 Color 

NO 

NO 

YES 

YES 

800 X 600 — 266 Color 

NO 

NO 

NO 

YES 

1024x768— 16 Color 

NO 

NO 

NO 

YES 


’IBM is ttademark of International Busines$ Madhine. 


OEM/DISTRIBUTOR/ DEALER’S 

INQUIRIES INVITED 

End users; Call (818) 996-8801 

for the dealer nearest you. 



OPTIMA VGA 800 PRIMA 480 EGA 


Sit 256 KB *640x430 / !6 Color 

*800x600 / t6 Cofor * Paradise 480 Compattbfs 

ARA-TECH, INC. 

18040 Sherman Way, Suite 105, 
Reseda, CA 91335 
Phone (818) 996-8801 
FAX (818) 996-1946 
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“If every dollar of your computer 
budget is critical and you still want 
top speed, consider the GenTech” 



GenTech 286-20 

'OW5 OF me fASTFST 266$ AflOVND 

$1199 

Harris 20Mhz 00286 CPU 

1 MB Zero-Wart RAM 

Fast dual hard/floppy disk controller 

LIM ^.Q EMS support 

6-16.2-B bit slots 

1. 2 or 1.44 MB floppy drive 

Serial and Parallel ports 

Rugged 200 wott p,s,. 5 bay c ase 

101 key keyboard with tactile cNck feel 


GenTech 386-25C 

Ja6-20C FffOM $1799 

$2299 

Intel 25 or 2aMhz 00386 CPU 
32 KB static RAM cache 
1 MB Zero-Wolf RAM 
Fast 1:1 Interteove dual hard/ftoppy 
disk contrdter 
2-32.6-16.2-8 bit dots 

1.2 or 1.44 MB floppy drive 
Serial and ParalleE ports 
Rugged 200 watt p.s,, 5 bay cose 
101 key keyboard with tactile click feel 


V^RtlCAl CASE ADO $206 




GenTech 286-12 

$849 

12Mhz clock speed 

1 MB Zero-Wait RAM 

Fast dual hard/floppy disk controller 

4-16.2-a bit slots 

1.2 or 1.44 MB floppy drive 

Serial and Parallel ports 

Rugged 200 watt p.s.. 5 bay cose 

101 key keyboard with tactile click feel 


GenTech 386-20 

$1599 

Intel 20Mhz 00306 processor 

1 MB Zero-Wait RAM 

Fast dual hord/floppy disk controlter 

1-32.6-16.2-a bit slots 

1.2 or 1.44 MB floppy drive 

Serial and PoraHel ports 

Rugged 200 wott p.s,. 5 boy case 

101 key keyboard with tactile click feel 



1 YEAR FREE ONSITE SERVICE BW TRW gg 


VIDEO OPTIONS 


16 bit Super VGA sistam S645 

VGA color systenn $545 

VGA monoc hronie system S310 

EGA color system S479 

Monochrome graphics system $ 139 

STORAGE OPTIONS 

150MB ESDI tlflms) S12W 

BOMB Seagate C2Bms> $599 

40M B Seagate C23ms> S379 

BOMB Seagate {40ms) $235 

2aMB Seagate 225 C6Sms) $225 


- 1 Y€AR WARRANTY 

- ONSITE SERVICE 

- 30 DAY MONfY BACK GUARANTEE 

- TOIL FREE TECH SUPPORT 


CALL US FOR 

W/S% HEWLETT 

mLnM Packard 

SUPHIFS 


AST 


PRINTERS 


AST Premium 386/33 

from S4059 

BROTHER Hljee 

$1799 

AST Premium 386 systems 

from $2299 

BROTHER HL8PS 

$3299 

AST Premium 286 systems 

fromSl1S9 

QMS P3nBlO 

$3399 

AST BRAVO 256 

from $749 

Panasonic 1124 24 pin 

$319 

COMPAQ 

Epson LX-aiO 

NEC 5300 24 pin 15' carraige 

$189 

3679 

SLT 206 laptop 

from $4500 



DESKPRO 386/33 

OESKPRO 366/2ae 

from $7699 
from $3750 

ZENITH LAPTOPS 

DESKPRO 3865 

from $2379 

SLFPERSPORT 28620MB 

CAU 

DESKPRO 286E 

from $1819 

SUPERSPORT 286 40MB 

CALL 


NETWORKING 


8 bit Arcnet cord 

$99 

Ethernel ME 1000 compatible 

$159 

8 port Active hub 

$219 

Passive hub 

$39 

Tiara 16 bit Arcnet LanCord 

$245 

Tiara 0 bit Arcnet LanCord 

$109 

Tiara Arcnet LanCord MCA 

$299 

Tiara Ethernet MicroChannel 

$349 

NetWare software 

CALL 


NETWORK STARTER KIT 

Includes 4 user ELS software. 4 Arcnet 
cords. 1 passive hub. 4 cobles 

$945 


TO ORDER 

800 - 638-0286 

FROM OVERSEAS & CANADA 401 -732-5556 
FAX401-732-55 T 8 


Monday-Frlday 9am to 7pm E.S.T. 
Saturday 10am to 4pm E.S.T, 

FAX 24 hours o day 


Generol Technology 
P.O. Box 20555 
Cranston. RJ 02920 




G©nT©ch 

General Technology Corporation 
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The HP 82328A Intelligent Graphics 
Controller can produce 16 colors (out of a 
palette of 4096), with a resolution of 
1024 by 768 pixels. You can expand the 
DRAM used to store the X Window 
Server programs for the TMS34010 and 
Window data structures to 2 megabytes, 
providing enough space for dozens of 
concurrent windows. The video infor¬ 
mation is stored in separate RAM. The 
board will also emulate IBM's EGA for 
DOS applications. 

The Brains Behind the Brawn 

All this graphics power is of no use 
without a good program to use it. The 
control is provided by the HP AXDS/PC 
software, an implementation of X Win¬ 
dow System 11 release 3 written for the 
TMS34010. I evaluated the HP AXDS/ 
PC on an HP Vectra ES/12-a 12-MHz 
80286-based system. Every function, in¬ 
cluding font handling, color, and shad¬ 
ing, appeared to be the same on the HP 
AXDS/PC system as on the $40,000 
Unix engineering workstation handling 
the client processes. The only noticeable 
degradation was in drop-down menus, 
with which momentary lags made the 


pointer tracking and selection response 
time uncomfortable to use. 

The compatibility between the two 
systems is complete to the finest detail. 
The performance was more than ade- 
quate for all standard applications. HP 
claims that the performance is equivalent 
to a 2-MlPS workstation with 2 mega¬ 
bytes of RAM. Graphics drawing and 
typesetting applications ran faster than 
on most PCs, and any professional would 
be happy with the quality and resolution. 

Usability and Price 

This is a very usable implementation of 
the X Window Server design. The cost of 
the software and graphics controller card 
is reasonable, especially considering that 
Hewlett-Packard is noted for reliability. 
The most expensive element of your up¬ 
grade will be buying an HP color moni¬ 
tor, ranging in price from $2795 up to 
$6850.1 see little point paying any more 
for a tube that has image-resolution 
specifications far above those of the 
display card. The system I tested used the 
“tow-end” D1I88A 16-inch MultiSync 
Color Graphics Monitor. It was crisp, 
bright, and sufficient for any color or 


form generated by the display board. 

HP recently announced the HP Intelli¬ 
gent Graphics Controller 10. This board 
can reduce the expense by an additional 
$2000, because it can accept a VGA 
graphics card and display in place of the 
more expensive HP MultiSync Color 
Graphics monitor. In addition, this new 
board uses a 50-MHz 34010. 

It's reasonable to expect better perfor¬ 
mance on menus with future releases of 
X Window, Motif GUI, and the Texas 
Instruments GSP chips. It's also reason¬ 
able to expect greater demands on X 
Window servers with the development of 
more software that uses them. The GUI 
(graphical user interface) is one area 
where the software design is pushing the 
hardware design. 

In the meantime, HP AXDS/PC soft¬ 
ware for the TMS34010 is an economical 
way for the occasional workstation user 
to get the quality and performance of a 
truly fine color graphics workstation on 
an MS-DOS computer, ■ 


Ben Smith is a BYTE technical editor and 
resident Unix guru. You can reach him on 
BIX as ‘*bensmith. ” 


PC Compatible — 
Single Board Computers 
for the OEM 

DR DOS® Now Available 


Quark®/PC + 

• NEC V-40*' Processor 

• Video/LCD Controller 

• 8 or lO MHz Frequency 

• Up to 768K Memory 




Quark®/PC II 

• 80366 SX based 

• EGA* Video/Color LCD 
Controller 

• SCSI Hard Disk Control 

• Floppy Disk Control 

• Up to 4 Mbytes Memory 


To order or enquire call us today. 
Megatel Computer Corporation 
(416) 245-2953 FAX (416) 245-6505 
125 Wendell Ave., Weston, Ontario M9N 3K9 

REPS; Italy 39 331 256 524 Austria 43 222 587 6475 
W. Germany 49 6074 98031 Finland 358 0757 1711 
UK. 44 959 71011 Sweden 46 40 97 10 90 

Netherlands 31 838 529 505 Norway 47 986 9970 
Australia 61 03 568 0988 Denmark 45 244 0488 


InaderTKiitu: Quralt - F+X. Manutocturing Ca 
DftDOS - DKjIlol Lid- EGA ^ IBM Cop - NEC Corp 


megatel 


Sii1)scription 

Problems? 



We want to lielpl 

// you have’ a problem with your BYTE 
subscnplion, write us with the details. 

We'JI do our best to set it right. But we 
must have the name^ address^ and zip of 
the subscription (new and old 
address^ if iTs a change of address). If 
the problem involves a payment^ be sure 
to include copies of the credit card 
statement, or front and back of caziceiieci 
checks. Include a "business hours^* 
pi*one number if possible. 

BVTE 

Subscriber 5ervjce 

P.O. Box 555 , 

Hightstown, NJ 08520 
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Cool, Quiet, Reliable Power. 



STANDARD 150_ m 

Economical This UL approved, fiilly tested 
unit is one of the best generic 150s available- 
ideal for basic systems. 

SILENCER 150_$129 

Ultra-Quiet Stop diat irritating whine with 
the Silencer 150- Its large, low speed, West 
German fan keeps your system 5” to 15° cooler 
and 84% quieter, \lrtually inaudible! Great in 
the CKecutive suite or home office. 

TURBO-COOL150_S149 

High Performance Upgrade your PC/XT 
w'ith our popular, UL approved Turbo-Cool 
150. Its patented twin fan, sloped-cover design 
keeps your sj^stem 25^ to 40" cooler and 50% 
quieter. Prevents intermittent data errors and 
other heat-related problems. Meets the 
demands of a fully loaded system. 

TLT(BO-COOL200_$189 

Maximum Performance Put AT pow er and 
200% more cooling under the hood of your 
PC/XT w ith our UL approved Turbo-Cool 
200. Its twin fans keep your system 30^ to 45*^ 
cooler for maximum expandibilit)'^. Perfect for 
hot rod PCs and Mini ATs! 

SilenKr,Turtu>C£ri)l, and TuiIki Mi irf [ratlenttfUtrfPC Puntrft C<wltiig, liic. 
Coiopiq jiid DcsJqiraare rapstcred cnifcinsrkii ofOmipaqOwipwcrCorpcrafiafi. 



STANDARD 200_ m 

Economical This UL approved, fully tested 
unit is one of the best generic 200s available. 
Ideal for basic systems. 

SILENCER 200 $149 

Lltra-Quiet Unratde your nerves with the 
Silencer 200. Its high-efficienq^, adjustable- 
speed fan offers 69% less noise with standard 
cooling. Quieter than most hard drives. Great 
in the executive suite or home office. 

TURBO-COOL 250_$189 

High Performance Protect your investment! 
Upgrade your AT/386 with our powerful, UL 
approved Turbo-Cool 250, Its high-capacity, 
adjustable-speed fan keeps expansion cards, 
hard drives, and other valuable components 20" 
to 35" cooler for up to tliree times longer life. 
Perfect for a fully loaded system. 

TURBO 375/450 $299-5369 

Maximum Performance The choice of PC 
professionals, our Turbo 375 and Turbo 450 
feature built-in line conditioning, autoselecc 
input, independent regulation, external DC 
voltage adjustment, remote switch option, 
enhanced cooling, LT/CSA/TLW approval, 
50,000 Hr MTBFi and 2-year warranty! Ideal 
for workstations and netw^ork file seners* 


■ 1 i-v-' 



CPI 60 _ ^ 

Origimil Portable Upgrade Give your 
Portable greater reliability and 100% more 
power with our direct replacement CP 160. 
Allows 286, 386, and hard disk upgrades. 

CD270 _ M 

Dcskpro Upgrade The powder user's power 
supply! Our direct replacement CD270 gwes 
your 8086/286/386 Deskpro up to 70% more 
powder and the reliability it deserves. Prevents 
nuisance rebooting. Advanced design includes 
au tose I ect 11OV/2 2 0V 2 -yea r warranty. 


Our power supplies feature: 

* Fulhrated power 

• IfL/FCC compliance 

• 110V7220V input 

■ 4 drive plugs (min) 

• Heav}-duty components 

* Low output ripple 

* DVT OCP, SC protection 

■ Installation instructions 
“ Rigomus testing 

■ l-yt^ar immediate replacement warranty 
{2 years w^here noted) 

“You could buy cheaper no-name 
power supplies almost anywhere, but 
don^t- PC Power and Cooling’s units 
are better made and more reliable than 
anything in the field.” 

PC/Compufing 
January y i 989 


L Most orders slu{j]^d same day. We accept Visa, MC, COD or PO on approved credit. 


PC PCWCB Ct BOaUMB, INC. 

ilS10Mo\imiinWiy,BoiisaII,CA9200J • (619) 723-9513 • F.«(619)723-0075 
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Most good work has an edge to it. 

And good work turns into a 
sharp, 300-dpi, colorful, awe¬ 
inspiring PostScript-compatible 
business weapon on theTektronix 
Phaser CP Color Printer. 

The Phaser CP works with a 
color thermal-wax process for IBM 
PC/XT/AT or bus-compatible 
computers, in any variety of net¬ 
work configurations. So you can 
finally put your color, HPGL and 
PostScript-compatible applica¬ 
tions, not to mention every 


computer user, to full use. 

And in as little as 47 seconds, 
you print out a document with a 
virtually unlimited range of bright, 
clear colors. You print out desk¬ 
top presentations. Transparencies. 
Color layouts or comps. PC/CAD 
design. Or just about anything 
your heart desires. 

To see a Phaser CP, or to find 
the best remedy for paper cuts 
once you get one call for more 
information, 1-800-835-6100 
Dept. 4J, or fax to (503) 682-3408. 



Ibktronix- 

The best and the brightest. 




—~ The printer for those \dio 

,tade like to ’ . 

ming 








aneotjs 
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Equipment 

gadgets 

Hospitalization 


Expense Account 
hotel r 


busted- 

gJ^^teref„,TVpa„, 


e red I Tilde mark oi Inc.tBM PC/XT/ATate re|iitercd trademaTiji of 1 ji ternational 
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Application Review 



Clipper 
Applications 
Get SQL 


Planet Software’s 
library of functions 
includes linking Clipper 
applications to SQLBase 


Marc Schnapp 


O ne reason for developers* in¬ 
tense loyalty to Clipper, the 
dBASE-compatible compiler, 
is its thriving aftermarket 
support. The Library from Planet Soft¬ 
ware is the latest and perhaps the most 
heavily promoted third-party library 
offering for Clipper to date. Both Gupta 
Technologies (makers of SQLBase) and 
Nantucket (Clipper’s maker) aggres¬ 
sively positioned The Library as a SQL 
application programmer interface (API) 
to Clipper. Developers not seeking SQL 
support might write off Planet’s product, 
but The Library merits a closer look— 
SQL support comprises less than one- 
third of the product’s 360 functions. 

Array of Functions 

A sampling of array-handling functions 
demonstrates the strengths of The 
Library, The functions range from the 
obscure to the compelling. Among the 
selections are l_argen()» l_argtn(), 
l_argles{), and l_arltn{). Respec¬ 
tively, these functions compute how 
many numeric array elements are greater 
than or equal to, greater than, less than 
or equal to, or less than a given numeric 
value. All are quite useful as they are, 
but Planet could have also included a 
more generic function taking a user-sup- 
plied comparison operator as a param¬ 
eter. Such a function would facilitate in¬ 
teractive queries. As implemented, the 


developer must place each of the function 
calls in a CASE block. 

Another useful array function, l_ar- 
coiint(), counts occurrences of a desig¬ 
nated data type within an array of a pro¬ 
grammer-specified value; this could 
prove useful in building crosstabs. 

The Library’s best functions lend 
themselves to statistical analysis, com¬ 
puting mean, median, and mode values. 
The Library provides trigonometric 
functions (e.g,, cosine, inverse cosine, 
arcsine, tangent, and arctangent) and fi¬ 
nancial formulas (e,g,, future value, 
present value, loan amortization, and 
payments). Statistical functions provide 
the coefficient of variance, standard de¬ 
viation, and variance. Other quantitative 
functions provide hexadecimal-to-deci- 
mal (and decimal-to-binary) conver¬ 
sions, prime-number checking, and a 
routine to bypass divide-by-zero errors. 

Planet’s product covers a lot of terri¬ 
tory in its conversion functions. A Brit¬ 
ish-developed product, The Library has a 
full complement of imperial-to-metric 
measure transformations. Among them 
are pounds to kilograms, inches to centi¬ 
meters, Fahrenheit to Celsius, gallons to 
liters, and acres to hectares. For applica¬ 
tions requiring geometric calculations, 
The Library can determine volumes of 
spheres (or their radii), cylinders and 
cones, and areas for parallelograms. 

Date and time functions perform di¬ 
verse tasks: calculating differences in 
dates in weekdays, weeks, months, or 
years (dBASE date math can calculate 
days). Other functions validate dales and 
string equivalents. The Library provides 
functions for internally calculating time 
intervals, using strings to nicely make up 
for that dBASE language deficiency. 

Planet provides source code in assem¬ 
bly, Clipper, and C (for all functions but 
the SQLBase API). The source code 
gives you the ability to modify and ex¬ 
tend the library. It is not only well com¬ 
mented but also compact, with files 
ranging from 2K bytes to 5K bytes each. 


Clipper-coded functions do occasion¬ 
ally make nested references to other 
functions, making code modification 
and maintenance a bit more involved. 
The Library also includes nifty func¬ 
tions to simulate two-dimensional arrays 
(Clipper 5,0 adds one-dimensional 
arrays that permit array elements to point 
to other arrays), 

A Few Weaknesses 
Many of The Library’s functional cate¬ 
gories are superficial and are far better 
handled by the competition. These gaps 
are evident in the functions for the key¬ 
board, printer, graphics, mouse, disk, 
file, and memory. 

Disk functions include changing, vali¬ 
dating, making, and removing directo¬ 
ries; obtaining time and date stamps; and 
checking hard disk drives. What is miss¬ 
ing are functions determining total space 
and storage available on a given hard disk 
drive. The Library can determine ex¬ 
tended and expanded memory configu¬ 
rations, but it makes use of neither (Gup¬ 
ta’s engine and router, however, do 
require extended memory). The manual 
incorrectly asserts that Clipper uses ex¬ 
tended memory for index buffering 
(Clipper uses up to 1 megabyte of ex¬ 
panded memory for that purpose). 

The Library also offers graphics prim¬ 
itives for plotting business charts. Devel¬ 
opers can switch display modes, save 
screens to disk, and examine screen file 
contents. Routines for fundamental 
mouse functions are provided—they 
monitor button presses and movement in¬ 
tervals. However, most Clipper applica- 
tions are character-based. To use the 
mouse for menu selections, developers 
must use a separate TSR program that 
converts mouse movements into cursor 
key presses. This does not qualify as ro¬ 
bust support for mainline Clipper appli¬ 
cations developmciit. And because Nan¬ 
tucket does not provide graphics mode 
support, these functions provide nothing 

continued 
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more than a tentative starting point—de^ 
velopers will have to build on the 25 
mouse functions provided. If your goal is 
to customize Clipper applications for 
VGA or EGA support (particularly ex¬ 
ploiting The Library graphics func¬ 
tions), these fill the bill. 

On-Line Help 

Also included is a Norton Guides data 
file (Nantucket sells the Norton Guides 
along with a data file for the Summer 
1987 version) and a full disk of sample 
files. 

The Norton Guides memory-resident 
help system is a modest advance in appli¬ 
cations development. Programmers can 
quickly pop up syntax skeletons and full- 
text examples while coding. Providing 
simple cross-referencing, the Norton en¬ 
gine includes a “see also" lookup facil¬ 
ity. You can also configure the help en¬ 
gine to automatically look up functions, 
using the same approach as memory-res¬ 
ident spelling checkers and thesauri. 
Many developers banish print-reference 
manuals to the furthest reaches of their 
offices as a result. 

The inclusion of an on-line help system 


makes it possible for developers to per¬ 
form field modifications and upgrades 
without toting along unwieldy documen¬ 
tation. All products of this kind should 
include TSR program help, and several 
other library vendors already do so. I 
wish that Planet’s library help system 
permitted full categorization. However, 
once you know which function you wish 
to use, the Norton data file is an excellent 
way to confirm function syntax. I also 
wish that the 28-page extensive error sys¬ 
tem for SQLBase in the reference guide 
was in the Norton help file. 

A sizable loose-leaf manual with more 
than 500 pages also details the operations 
of each function. A quick reference 
section summarizes the calling conven¬ 
tions for each function. Broken into sub¬ 
sections by functional category, each 
section includes a category list. 

With a library this extensive, develop¬ 
ers are likely to scan the function lists as 
they program. Additional tabs in the 
documentation, marking off the function 
categories, would help on that score. The 
memory-re si dent help software could 
also facilitate searches, but the Norton 
Guides system lacks a means of catego¬ 


rizing its contents. Planet did not assign 
category-wide prefixes to its function 
names, so programmers won’t be able to 
track them down alphabetically. (All 
SQLBase functions are preceded by 
“S_"; all the others are prefixed with 

The SQL Story 

The transition to SQL is not absolutely 
seamless. You'll need to work with 
either the single-user version of the 
Gupta SQLBase engine or the multiuser 
router. You will need to dedicate at least 
385K bytes of extended RAM to SQL¬ 
Base for these purposes. Unless Gupta 
also makes EMS support available, 
SQLBase support for Clipper applica¬ 
tions will rule out the use of CPUs pre¬ 
dating the 80286. 

Proficient Clipper and dBASE lan¬ 
guage programmers will also have to 
negotiate the conceptual differences 
between their accustomed record-by- 
re cord logic and the set model used by 
SQL. Planet's SQL API supports cur¬ 
sors, stored contexts that the host appli¬ 
cation manipulates. 

continued 
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PC-MOS 


The Multi-User Solution For The 
Multi-Dimensional Company 



Odds are, you're part of a multi-faceted organization, 
one that’s involved in many different projects and 
activities* Every day you juggle dozens of tasks. So 
why are your PCs still doing one thing at a time — 
for one person at a time? 

Today’s 286 and 386-based PCs provide the power 
to do much more. PC-MOS is the multi-user, multi¬ 
tasking software that unleashes that power, making 
your PCs as multi-dimensional as your business. 

Minicomputer Power For The Cost Of A PC! 

PC-MOS lets several users simultaneously run dif¬ 
ferent programs on a single, high-performance PC. 
One user can run a spreadsheet, while another uses 
the word processor and several others access a data¬ 
base ~ all at the same time! So instead of replicating 
expensive PCs, each user has an inexpensive monitor 
or terminal. The benefits are lower cost, more control, 
better security and consistency across applications. 
And at $595 for a 5-user version, you can afford to 
get started today! 

DOS Compatibility, NetWare Connectivity 

PC-MOS lets useis run the popular DOS programs 
they use now — even Microsoft® Windows 286. Our 
gateway to NetWare lets you expand your Novell 

GSA Schedule/GSOOK 89 AGS&448 

POMOS is a lra<lemarh of Tlie Unk. AH otharimTduclB net^ranoad are Irademarfo 

of Eheir DespeCtivs cornpanles. Prices and pollciss subject to change without notke. 


network inexpensively and easily. And PC-MOS 
requires no expensive wiring, and no network man¬ 
agement headaches. 

Proven Reliable With 100,000-1- Users 

Because PC-MOS was the first DOS-compatible 
multi-user operating system, it offers broad compati¬ 
bility and the reliability of time-tested software. More 
than 100,000 satisfied users trust their work to PC- 
MOS each day. Our latest version features an easy- 
to-use install program, lets you re-boot individual 
workstations, and supports high-resolution, bit¬ 
mapped color graphics. 

Call us today. We’ll show you how to add multiple 
dimensions to your PC. 


THE SOFTWARE LINK 

3577 Parkway Lane, Norcross, GA 30092 
1-800-451^LINK. (404) 44S-5465 
FAX: (404) 263-6474 TELEX: 4996147 SWLINK 
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REVIEW 

CLIPPER APPLICATIONS GET SQL 


DOS 

& 

OS/2 

libraries 

for C & PASCAL 


1-2-3 LIBRARY 

A powarrul tool containing all the routines nece¬ 
ssary to CREATE & READ LOTUS .WKS A .WK1 
spreadsheets. Unlike some products Ms library 
supports the GRAPH & TABLE commands, In 
fact It supports the entire LOTUS command set. 

Read 4 Write REALS, INTEGERS, STRINGS & 
FORMULAE. Create NAMED TABLES & GRAPHS, 
With this library you can produce the numerical 
output from your programs In the (orm of work* 

Ing fully LOTUS ccmpatlble spreadsheets- 
ready for your customers to use. 


.PIC LIBRARY 

Ever wanted to Interface to LOTUS .PiC graphics 
products like the superb FREELANCE or LOTUS 
PrlniGraph? This library la the answer. Create 
your own .PIC graphics files, or read & Import 
LOTUS created graphics Into your own product. 

With this library you can read & write the comm¬ 
ands for moving to a point, drawing a line or pol¬ 
ygon. Control how objects are shaded, Add and 
position text in different fonts. This library Is a 
full and complete Implemenialon d 4 the LOTUS 
.PIC graphics lormat. 


DCA LIBRARY 

DCA riles are the universal text Interchange 
medium. Text Hies created with this library con¬ 
tain all the iriormalion for Importing Into high- 
end woidprocessors and DTP packages. Control 
the page length & width, store headers & footers, 
change the text font a attributes (eg BOLD, stri¬ 
keout etc. With this professional library you can 
convert your simple ASCII text output Into a file 
ready for Importing Into virtually all high-end 
packages, eg. WORD, WordPerfect or SMART, 
DCA flies are compatible with virtually all DTP 
products. 


available f or: 

TURBO C, QUICK C, MICROSOFT G, 
ZORTECH G & TURBO PASCAL 



DOS 

OS/2 

1-2-3 Library 

$155 

C95 

$195 

020 

PIC Library 

$155 

£95 

$205 

025 

DCA Library 

$205 

025 

$245 

050 


Shipping : liAfnarlca S 
U.K,£3 + VAT 


TO OI^OPP 

fU. • —A 

1 wnucfi 



PO'i from PLC's end FORTUNE 1000 companies accepted 


CALL Of FAX; 

01144 932 855702 {N.Airwflca) 
0932 855702 

12 Dele Clow, AUdiwlonfl, Weybrldge 

Buney. KT 1 S 1 NS. EnQlandL ffStOIMliQi ^ 


The Library 


Company 

Planet Software, Inc, 

1040 Marsh Rd,, Suite 200 
Menio Park. CA 94025 
(415) 688*1088 

Hardware Needed 

IBM PC or compatible 

Software Needed 

MS-DOS 2.0 or higher (3.1 or higher 
for network support) and Ctipper 
(Summer 1987 version) 

Documentation 

Reference manual; data file for memory- 
resident Norton Guides help system 

Price 

$249 

Inquiry 886, 


The sequence works something like 
this: 

1. Confirm that SQLBase is installed 
($_ISENGINE{ )). 

2. Log onto the database system 
CS_CONNECT( )). 

3* Assign a cursor to your query* 
pass the query to SQLBase* and 
compile it (S_COMPILE( )), Query 
strings cannot exceed 128 
characters. While this might be a 
limitation* subqueries can always 
be issued against the prior result 
table. 

4. Allocate a data buffer to hold the 
result table (S_SETBUFER{ )). 

5. Execute the compiled query 
(S_EXECUTE( ))- 

6. Here’s where the Clipper 
programmer can engage in row- 
by-row processing* performing 
fetches in a loop (DO WHILE 
NOTS^EOF{ }). 

7. Within the loop, fetch the next 
available row (S_FETCHNXT( )). 

8. Optionally assign the contents of 
each field individually to variables 
(S_READ{ )). 

9. Disconnect from the database 
(S_DCONNECT( )), 

The Library supports embedded vari¬ 
ables (bind variables) within queries, 
making run-time substitutions possible. 
Transaction processing with COMMIT 
and ROLLBACK is also within the reach 
of the Clipper developer. 

The manual offers straightforward ex¬ 
planations of the fundamentals, A model 


three-page edit routine and a three-page 
append program are also offered for 
guidance. However, the manual is not a 
SQLtutoriaL Clipper developers lacking 
SQL experience should tackle formal 
reference materials such as C. I, Date’s 
A Guide to the SQL Standard (Addison- 
Wesley, 1987). 

The Answer? 

The Library for Clipper is a massive but 
spotty addition to the stockpile of Clip¬ 
per tools. It provides strong support for 
quantitative functions and a well-doc¬ 
umented Clipper API to the Gupta 
SQLBase database engine. It is not* how¬ 
ever* the only library a Clipper developer 
should ever want to acquire. 

The Library from Planet contributes 
substantially in its quantitative functions 
and SQL support. Savvy programmers 
can also adapt the source code as one 
measure to fill in The Library’s gaps. 
Developers with particular needs might 
select specialized libraries to supplement 
Planet’s product* For example, a full 
range of communications functions is 
found in the SilverComm library from 
Silverware; also, NetLib from Commu¬ 
nication Horizons extends network sup¬ 
port beyond the basic locking included 
with Clipper. While the Planet library 
offers rudimentary business graphics. 
Pinnacle Publishers’ dGE offers just 
about everything a developer might need 
(including an interactive test shell with 
a code generator)* And FUNCky from 
dLesko Associates furnishes support 
where The Library is weak: disk and file 
I/O, character-mode mouse support, and 
keyboard control. 

Pricing for The Library is in scale with 
competitive offerings* And because 
Planet has chosen to observe Nantucket’s 
extend system, there is little likelihood of 
version shock as Clipper 5.0 emerges. 

The Library should prove Invaluable to 
corporate MTS departments seeking 
SQL applications support. While Nan¬ 
tucket promises future links with the 
Sybase/Microsoft/Ashton-Tale SQL 
Server and IBM’s OS/2 Extended Edi¬ 
tion, SQLBase is available now on all 
DOS networks. The Library exploits that 
fact. ■ 


Marc Schnapp founded the New York 
Metro Clipper User Group and is the 
president of its parent organization, the 
Professional Association of Database 
Developers. He operates Micro Business 
Servicest Inc ., a training, technical writ¬ 
ing, and applications development com¬ 
pany in Queens, New York. Me can be 
reached on BIX c/o ‘^editors. ** 
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All the power of The Software 
Link’s PC-MOS operating sys¬ 
tem. All the benefits of both 
individual and networked PCs, 

AH in one high-performance, 
low-cost, multi-tasking system. 
With no terminals and no addi¬ 
tional PCs — unless you want 
to optionally use your old XTs 
or ATs, 

The UnTeriiiiiiaT' UnNetworkr 

It’s the ideal multiuser system 
for personal computer users. 

UnTerminal monitor-keyboard 
workstations cost less than 
terminals. Less than text-only 
“intelligent I/O” solutions. Less 
than fiber-optic graphics 
solutions. 

An independently operating 
UnTerminal workstation out¬ 
performs them all. With faster 






Color graphics embedded In data- 



UnNetwork. 


Inexpensiva 
monilor^je^board 
workslfllions i ^ 
replaci costlK ter- 
mlnals and POson 
the UnTerminal ' 
UnNetwork:" Run 
muter and 
popular PCprograms^^. 
at Ifie same time— ' 
with no terminals or 
PCs—or USE any XTs 
and ATs happen 
to have. 



The UnTerminal Video 
Network Adapted 
supports up la 4 
Hercuies-compitiWE 
workstaUoos. 

Th® linTenninal Videu 
Nilwork Graphics 
Adapter ' supports up 
to two color praphics 
wEETkststians-resDlu- 
tionuptoBQOxSOO. 

The UnTerminal 
DcrmectCard rrukes 
an XT or AT into a 
mullitiskini], multiuser 
wcrkstalicn. 


screen refresh — text and 
graphics^ Instant switching 
between single and multiuser 
screens. Running popular DOS 
applications. And making every 
user feel like the only user. 

Just add PC-MOS, 
monitors & keyboards. 

The Software Link’s PC-MOS 
multiplies the power of your 
PC. Why pay extra just to get 
the boxes? You can run up to 
eight color or 16 monochrome 
UnTerminal workstations per 
system — and save thousands. 

Distributed by 
The Software Link, /nc 

For more information, call: 
The Software Link, Inc. at (800) 
451-UNK or (404) 448-5465. 



THE SOFTWARE LINK 


The UrilenTiinal 


Now XTs and ATs can be 
UnTermlnals, too. Hotkey between 
local and host applications using 
the UnTerminal (VCCA). 


PC-MOS MULTIUSER SYSTEMS WITHOUT TERMINALS 


The Software Link, Inc., 3577 Parkway Lane, Norcross, GA 30092, 

Phone: (800) 451-UNK or (404) 448-5465, FAX: (404) 263-6474, Telex: 4996147 SWUNK. 

PC-MOS fi a tradetnark oE The Software Link. Inc. UnTerminal, UnNetwork, Video Network Adapter, Video Connect Card Adapter and Video Grapliks Network Adapter are tradenierla ol Advance Mkio Hfiscaich, Inc. 
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Now Available 

Activator/Miw 

with 

Programmable 
Memory 


Software Developers 


Natural sdectkm provides unique 
passive proievtUm for the pon upine. 


The Activator - Natural Selection 
For Software Protection 


^ vealor and entrepreneur 

I V Dick Erett explains how 

*The Activator" provides 
sane protection for your in- 
t ellevntal properly. _ 

Urr^ any indusiry, jusi as in nature, the 
X process of natural selection raises one 
solution above another. Natural selection is 
the most elegant of engineers. 

In the area of software protection The 
Block has been selected by the market¬ 
place as the solution that works. Over 
5(XJt(K)() packages are protected by our 
device. 


By removing protection from the 
magnetic media we remove the constraints 
that have plagued iegitimate users. 

They simply attach our key to the 
parallel port and forget it. It is totally 
transparent, but the software will not run 
without it. 

A New Technology For 
Software Protection 

Our newest modeU The Activator, builds 
on our current patented design, and 
establishes an unprecedemed class of 
software protection. 



For the past 4 years our philosophy has 
been: 'You have the ripht and obligation to 
protect your intellertual property.* 

A New Ethic For Software 
Protection 

In allowing end-usens unlimited copies 
of a software package and uninhibited hard 
disk and LAN operation. The Block has 
created a new ethic for software proiec- 
lion. 



We have migrated and enhanced the 
circuitry of The Block to an ASIC (Appli¬ 
cation-Specific Integrated Circuit) 
imbedded in The Activator, 

This greatly improves speed and 
perfonnance, while reducing overall size. 
Data protection can also be provided. 

Programmable Option 

The Activator allows the software 
developer the option to program serial 
numbers, versions, or other pertinent data 
known only to the developer, into the 
circuit, and access it from the program. 

Once you program your part of the 
chip, even we have no way to access 
your information. 

The ASIC makes emulation of the device 
Circle 295 on Render Service Card 


virtually impossible. It also presents 
an astronomical number of access 
combmalions. 

Full 100% Disclosure 


Since The Activator is protected by our 
patent we full y disclose how it works. 
Once you understand it, endless methods 
of protection become evident. 



Just as no two 
snow Rakes arc the 
same, no two im¬ 
plement at ions of 
The Activator 
arc identical. 

And like the 
snowRake the 
simplicity of 
The Activator is its greatest beauty. 


We never cramp your programming style 
or ingenuity . Make it as simple or compli¬ 
cated as you desire. 


Let us help safeguard what's rightfully 
yours. Please call today for addilional 
information or a demo unit, Ifs only 
natural to protect your soft^^are** 


1-800-333-0407 ext. 105 

fti Connecticut 203-329-8870 
Fax 203-329-7428 



ofttJutare 

ecuntyi»e. 


870 High Ridge Road 
Stamford, CT 06905 


Unlimited Copies* Programmable • No Batteries • Small Size* Fast • Patented • Data Protection 














Application Review 



Publish It for the Mac 
brings new features 
to desktop publishing 
on the Mac 


Diana Gabaldon 


A n increasing number of desk¬ 
top publishing packages are 
entering the Macintosh mar¬ 
ket, from the fairly simple 
Quark XPress to the complex Page¬ 
Maker, and there’s always room for one 
that adds more features, like Time- 
Works’ Publish It. 

While the MS-DOS version of Publish 
It is no great competition for either Ven¬ 
tura Publisher or PageMaker on the PC, 
it’s a different story for the Mac version. 
In fact, Publish It for the Mac just may 
give PageMaker a run for the money. 

New Features 

Publish It contains most features found 
in other desktop publishing packages, as 
well as a few you won’t find anywhere 
else (including Publish It for the PC). 
Text can come from virtually anywhere. 
Publish It will import text from Word¬ 
Perfect, Microsoft Word, Microsoft 
Works, MacWrite, Write Now, or any 
other word processor that produces an 
ASCII text file. If none of these is handy, 
you can use the built-in word processor. 
There’s also a 240,000-word thesaurus 
and a 160,000-word spelling checker. 

The layout system lets you wrap text 
inside as well as around objects and use 
“V” (pyramid and slanted) margin for¬ 
mats, which most other de^top publish¬ 
ing packages don’t offer. Text can flow 
through successive or staggered pages. 


Move Over, 
PageMaker 



Publish It for the Mac gives you new text formats such as vertical text, used in 
the headline here. 


While you can use clip art created 
from most of the popular draw or paint 
programs or commercial clip-art librar¬ 
ies, Publish It also gives you a built-in 
draw and paint facility, so you can create 
graphics within the program. It has rea¬ 
sonable graphics editing capabilities, 
such as rotate, resize, and reshape, that 
you can use on either imported bit¬ 
mapped and scanned graphics or Publish 
It-created graphics. 

Deciding what to do may be more dif¬ 
ficult than doing it. You can use either 
object-oriented or bit-mapped graphics, 
with 66 pen sizes, 32 brush shapes, and 
an airbrush. You can size graphics from 
12 percent to 800 percent of their origi¬ 
nal size, which is probably enough of a 
range for most users. By contrast, Page¬ 
Maker allows sizing only from 50 per¬ 
cent to 200 percent of the original size. 


The color and texture menus are im¬ 
pressive. You can apply seven transpar¬ 
ent or opaque color layers, outline letters 
in one color and fill with another, create 
dropped shadows, and use multiple over¬ 
lay modes (e.g., transparent over trans¬ 
parent, transparent over opaque, and 
opaque over transparent). The usual op¬ 
tions for borders, such as box, rectangle, 
and double line, are all available as well. 

Most helpful for the fumble-fingered 
among us are the Undo feature, which re¬ 
verses the last step, and the Group Lock 
and Align feature. The latter feature lets 
you freeze an element or group of ele¬ 
ments in place on the page you’re laying 
out. Even if you try to lay in a new ele¬ 
ment that overlaps the ‘"locked" ones, 
your existing layout won’t be ruined. 

Publish It also works at a somewhat 

continued 
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Needs only 
one megabyte 


Mainframe 
Mathematical 
Power 
for the 
Mac* 



Maple puts symbolic computation 
at your fingertips at a price you can 
afford! Put Maple^s speed, reliability, 
and eight years of development to 
work on ^ Macintosh—SE, SE/30, 
Mac II series—even the Mac h- . 
Maple combines symbolic and num¬ 
erical computation with two-dimen¬ 
sional graphics to give you more 
power per dollar than any other sym¬ 
bolic processing software! 

Maple's unique library of more than 
1500 built-in functions—including 
operations on integers, rational 
numbers, polynomials, tensor man¬ 
ipulation, symbolic and numeric 
approximation, indefinite integration, 
statistics, linear algebra, calculus, 
differential equations, and more—is 
fully extensible. Add new routines 
or develop functions to speed 
your work. Price: $395 



Version 4.2 

Symbolic Processing for the Macintosh' 

To find out more about this 
remarkable software, contact: 

Brooks/Cole 
Publishing Company 

511 Forest Lodge Rd., BSW001 
Pacific Grove, CA 93950 
(408)373-0728 

Price subject to change without notice. 


REV 
MOVE OVER, 


Publish It 1.0 


Company 

Time Works, Inc. 

444 Lake Cook Rd, 

Deerfield, IL 60015 
(312) 948-9200 

Hardware Needed 

Mac512KE, Plus, SE, or II with one 
800K-byte floppy disk drive; a hard disk 
drive Is recommended 

Documentation 

User's manual; reference manual; 
quick-start guide 

Price 

$395 

Inquiry 884. 


higher degree of resolution than does 
PageMaker. It handles kerning, leading, 
stretching, and condensation of text at 
resolutions of 0.004 inch. PageMaker's 
maximum resolution is 0.5 to 5 mm, de¬ 
pending on the specific operation. Like¬ 
wise, you can rotate, split, and otherwise 
manipulate graphics objects in incre¬ 
ments of ] degree. 

But Publish It doesn't have every¬ 
thing. PageMaker does offer a few more 
refinements in the handling of scanned 
images, allowing you to control screen¬ 
ing (i.e., the density of dots per inch) and 
the angle of the scanned image. Publish 
It lets you rotate an image, but it does not 
change screening. 

In addition, Publish It can import only 
black-and-white TIFF files; it cannot in¬ 
terpret gray-scale or color TIFF images 
(Publish It also handles PICT files). The 
program is also missing the “snap to 
guides" and "snap to rulers" feature 
found in PageMaker. This PageMaker 
function causes elements or frames to 
align with the layout grid or document 
rulers automatically. 

Overlaid Frames 

Like most desktop publishing software. 
Publish It begins with a blank layout 
page. On that page, you can locate and 
define various areas or "frames" (also 
called elements in some packages), in 
which you place text or graphics. 

You can link frames so that text will 
flow from one frame to another or so that 
it can be overlaid (graphics image over 
text frame). You can also flow text from 
one page to the next to continue a story, 
as is the case with PageMaker. 

Like PageMaker, Publish It shows 
"thumbnails" on-screen. Thumbnails 
are tiny representations of laid-out pages. 


I E W 

PAGEMAKER 


PageMaker lets you view up to 64 thumb¬ 
nails at once, so you can see what the 
bulk of your document actually looks 
like. Publish It lets you view up to 100 
thumbnails (using the scroll bar), but un¬ 
like PageMaker, it also lets you edit 
thumbnails. Granted, the amount of edit¬ 
ing you can do on an image that literally 
is the size of your thumbnail is limited, 
but you can move frames (e.g., graphics 
images) from one page to another or re¬ 
order pages. 

One of Publish It's claims is that it has 
a fully integrated word processor. It does 
allow you to type text directly into a de¬ 
fined frame, rather than import it from a 
text file, but as word processors go, this 
is nothing to write home about. You can 
i user I and delete, cut and paste, and 
search and replace text, and you can 
move around in it with the mouse. 

It's far more convenient to construct 
text files with your favorite word proces¬ 
sor and import them. One reason for this 
is simply the amount of screen space 
available to work in. You must define a 
text frame in Publish It before typing in 
new text, and even in the closest possible 
viewing mode, you will have less than 
half the screen available—on a Mac 
512KE or SE, this isn't much space. 

Also, the cursor keys work oddly in 
the word processor. Pressing the up ar¬ 
row always returns the cursor to the be¬ 
ginning of the top line of text, no matter 
where the cursor is. The mouse, how¬ 
ever, lets you move the cursor anywhere 
in the text frame. 

Spelling checking works in either 
batch mode, checking already typed ma¬ 
terial or in interactive mode, in which the 
checker beeps when you type an incor¬ 
rectly spelled word. You also have the 
option of checking all "stories" (contin¬ 
uous text pieces, such as newspaper sto- 
ries) in a document, or checking only se^ 
lecied stories. 

The Down and Dirty of DTP 

Despite all claims from software ven¬ 
dors, desktop publishing isn't all that 
easy. It's tedious, messy, and mistake- 
ridden. However, it is better than doing 
layout and paste-up by hand. 

To make things easier. Publish It has a 
good on-screen help system with an al¬ 
phabetically indexed topic list that you 
can point to and click on. While decent, 
the help system is not good enough to let 
you dispense with the user's guide and 
reference manual. It does, however, in¬ 
clude more than 70 sample page layouts 
that you can use for common publishing 
jobs, such as newsletters and invoices. 

continued 
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TARGA® Videographics 



If these images didn't catch your eye, 
then why are you reading this ad? 


Images that leap out at you, especially in a magazine like 
this, have to be powerful. And whether you need to pre¬ 
sent your business information more effectively or you 
want to expand into mufti-media, you need strong visuals. 
Together with Truevision, you can develop that power for 
presentations, CAD, training, video production and more. 
And ifs easier than you think. You can bring photo-realism 
and multi-media to your presentations by using a TARGA 
board with compatible software and penpherafs from over 
200 companies. 

With a TARGA videographics board and your PC'", XT"' 
or AT^-class machine, you can capture images in real¬ 
time from a video source, merge them with other images 



or add text and graphs, even create stunning broadcast- 
quality animations, and then output the result to video, 
tape, slides or paper prints. That^ how to maximize your 
presentation efforts into multi-media. 


Truevision videographics cards are ready for you today 
Contact us at 800/858-TRUE for more information, 
or visit your focal Authorized Truevision Reseller for a 
demonstration. Well show you how to visualize your data 
in a way that no one else can. 


TkuEvisosr 


7340 Shade (and Staliofi, Indianapolis, IN 46256 
INTERNATIONAL: Canada 416/499-9400 France 33-952-13-6253 
West Germany 49-89-612-0010 Other 617-229-6900 


ttflJy 39-2-242-4551 


PC, XTarrd AT are reglsisred trademarks at Interna tionar Elueiness Machines Corp. 


Switzeriand 41 ^ 1 -025-0949 U, K. 44-1 -991-0121 

019B9,TrtjevJslon inc. 
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REVIEW 

MOVE OVER, PAGEMAKER 


You can also use multiple "masters.” 
Most desktop packages—including Page¬ 
Maker-let you use one master at a time 
to repeat a standard page design from 
page to page. With Publish It. you can 
have up to three master pages: standard 
(which repeats elements on every page), 
left-only (which repeats elements on left¬ 
facing pages), and right-only (which re¬ 
peats elements on right-facing pages). 

Multiple document windows also let 
you move elements among several docu¬ 
ments. The number of documents that 
can be displayed simultaneously depends 
only on available memory. Windows can 
be tiled or overlaid, and you can size 
them independently. 

The mouse cursor changes its shape to 
indicate which "tool” {e.g., editing, 
drawing, or painting) is in use. When a 
given use is inoperative within a given 
area of the document, the cursor displays 
as a heavy black “x” and doesn't do any¬ 
thing when you click the mouse button. 

User errors, such as misspelling words 
or trying to import nonexistent files, are 
marked only by a beep. Those that re¬ 
quired some remedial action from me 
were adequately explained. 


I had minor difficulty, however, in 
flowing text around a graphical object 
that overlapped two text frames. Text 
flowed properly in the second frame, but 
inside the first frame, the text went in¬ 
side the graphic, instead of around it. 

The problem was apparently due to my 
not having linked the two text frames to¬ 
gether. When 1 went back several steps 
(the steps were easily reversible with the 
Undo feature) and linked the frames, the 
text flow worked fine. 

Better Than PageMaker? 

The package comes with 60 days of free 
technical support. After that, unlimited 
phone support costs $100 per year. This 
extended support package gives you a 
toll-free number, discounts on upgrades 
and new releases (an upgrade of Publish 
It is expected within a few months), and 
product information updates. (The $100 
annual support fee also covers all Time- 
Works programs in the same hardware 
format you use.) 

The package also has an unusual 90- 
day money-back guarantee, although 
this description is a little misleading. You 
don't get your money back if you don't 


like the program. But if you find some¬ 
thing you like better, TimeWorks says 
that you can send back your Publish It 
program disks, your paid receipt, the 
name of the program you like better, and 
a check or credit card number for the re¬ 
tail difference between Publish It and the 
better program; the company will buy 
the new program for you. 

In terms of features and functions, 
Publish It is nearly the equal of the popu¬ 
lar PageMaker. In fact, in view of the 
built-in draw and paint tools and the 
extras, such as the spelling checker, 
thesaurus, and fancy text formatting, 
this package may offer slightly more to 
many users. 

Of course, not everybody needs to 
produce, say, "V" text or use many of 
the other special features in Publish It. 
Still, at $395, Publish It is quite a 
bargain. ■ 


Diana Gabaldon is ike editor o/Science 
Software, which is desktop published, 
and cm assistant research professor at the 
Center for Environmental Studies at Ari¬ 
zona State University, Tempe, Arizona. 
You can reach her on BiX do ''editors. ” 
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BRAND NEW AMDEK MODEL 432 
VGA MONOCHROME MONITOR 

SYSTEM AiNtJ MONITORj 
ORIGINALLY MADE TO SELL FOR 

$3840.00 

FAX YOUR ORDERS 2^ 

HOURS A DAY. (7Bi) 272-8624 



ir>^E AL-reRNATWE SOUfiOE FOft THE FUTURE 


EXSEL LOW PRICE: 

$1888.00 

TO OHUKH HY CIHFPIT CAHI). CALL 
MONDAY TIIROUlrH KRIDAV 
8:30 AM 0 PH EST TO| J. PREK: 

l-<a00)-624-2001 
IN NY: 716-272-8770 


A Message To 
Our Subscribers 

F rom time to time we make the byte 

subscriber list available to other companies who 
wish to send our subscribers material about their pro¬ 
ducts. We take great care to screen these companies, 
choosing only those who are reputable, and whose pro¬ 
ducts, services, or information we feel would be of in¬ 
terest to you. Direct mail is an efficient medium for pre¬ 
senting the latest personal computer goods and services 
to our .subscribers. 

Many BYTE subscribers appreciate this controlled use 
of our mailing list, and look forward to finding infor¬ 
mation of interest to them in the mail. Used are our 
subscribers’ names and addresses only (no other 
information we may have is ever given). 

While we believe the distribution of this information is 
of benefit to our subscribers, we firmly respect the wishes 
of any subscriber who does not want to receive such pro¬ 
motional literature. Should you wish to restrict the use 
of your name, simply send your request to the follow¬ 
ing address. 

BITE Magazine 

Attn: Subscriber Service 
RO. Box 555 
Hightstown, NJ 08520 
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Our standards are 
the toughest part 
of our 3.5'diskette. 

WsVe got you covered. 
The rigid plastic jacket of 
our 3.5" Micro Diskette is 
molded to our own speci¬ 
fications for unsurpassed 
protection. And, our clip¬ 
ping level is 44% higher 
than industry standards. 
Call 800-343-4600 for 
the name of your nearest 
BASF supplier. 

Depend on it. 

BASF 






Application Review 



Project Scheduler 4 
is the first midrange, 
graphically based 
project management 
software for the PC 


Lamont Wood 


W ith Project Scheduler 4 
(PS4) from Scitor Corp., 
you have the leading exam¬ 
ple of what project manage¬ 
ment software users have been looking 
for, and what the market is moving to¬ 
ward: a graphics-based package with a 
reasonable price and functionality. 

Project management is a complex 
chore. Unfortunately, most project man¬ 
agement software can be equally com¬ 
plex. And while many managers get 
organized by thinking graphically^ 
charting the events of a project on a 
blackboard—they must then sit down 
with the software and fill in tables of 
tasks, resources, and precedence depen¬ 
dencies (i.e., what jobs precede other 
jobs). 

Eventually, the project management 
software produces a precisely calculated 
Gantt or PERT (Program Evaluation and 
Review Technique) chart—basically a 
born-again version of the blackboard 
scrawls that the manager began with. 

A computer should, of course, do 
more than augment a blackboard. PS4 
still requires you to fill in tables, and you 
canT draw your Gantt charts directly on 
the screen. But for $685, PS4 generates 
a chart that you can play with on the 
screen. It won't handle the construction 
of, say, a nuclear submarine, but that's 


Manage It 
with Pictures 



Project Scheduler 4 offers an early vision of things to come: graphically based 
project management. 


because PS4 is geared to the office envi¬ 
ronment rather than to construction 
projects. 

Interface a la Windows 

PS4 is entirely graphics-based—the only 
time you're in text mode is when you 
print reports to the screen rather than to 
the printer. The command interface is 
reminiscent of many GEM or Windows 
applications, although it uses neither. 
There’s a list of menu topics across the 
top of the screen. Clicking on any of 
them with the mouse pops up a menu 
with further commands on that theme. 
(Operation without a mouse is possible 
using special key combinations.) 

The program has data-entry windows 
and chart windows. You can enter all the 
task, resource, and dependency data in 
tables. Or you can call up the chart win¬ 
dows and enter the data in a “template” 


that you can invoke in the bottom third of 
the screen, and watch the chart take form 
as you go along. 

You can set two kinds of charts from 
PS4: the standard Gantt chart (where 
horizontal bars represent tasks on a com¬ 
mon time scale), and a **network” chart 
that is basically a PERT chart (where 
boxes represent charts with connecting 
lines showing dependencies, with no 
time scale). Both charts show the “criti¬ 
cal path” (i.e,, the succession of tasks 
whose delay would disrupt the entire 
project) with special highlighting, 
(Other packages offer variations on this 
theme—such as Gantt charts with depen¬ 
dency lines—but PS4 sticks to the old 
war-horse charts,) 

PS4 also offers histograms that show 
consumption of one or more resources 
over time. You can have either a stand- 

conhnued 
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Company 

Scitor Corp. 

256 Gibraltar Dr. B-7 
Sunnyvale. CA 94069 
(408) 745-8200 

Hardware Needed 

IBM XT. AT. PS/2, or compatible. 

Wang PC, or Hewlett-Packard 150 with 
512K bytes of RAM. a graphics screen, 
and a hard disk drive; a mouse is 
recommended 

Sof tware Needed 

DOS 2.0 or higher 

Documentation 

Reference manual; tutorial manual; 
on-line help 

Price 

$665 

Inquiry 883. 


alone histogram with a range of re¬ 
sources, or a histogram for a single re¬ 
source in a template below a chart. The 
template version embodies one of the 
chief advantages of planning with inter¬ 
active graphics. 

Forward and Reverse Scheduling 
When doing a project, you have to first 
specify whether you want to schedule 
forward or in reverse. If you have a re¬ 
quired start date, you schedule forward. 
If you have a required finish date, you 
schedule in reverse. Generally, most 
scheduling is done in reverse. 

Then you enter the list of tasks in a 
table. The data includes a name and an 
expected duration, in hours, days, 
weeks, or months. You can also identify 
each task with a 10-character work 
breakdown structure (WBS) code or an 
organizational breakdown structure 
(OBS) code. You develop these codes 
yourself to show relationships between 
tasks, and later sort the tasks. (WBS and 
OBS are actually the same thing. The 
idea is that government contractors often 
have to use the WBS given to them in a 
contract, and that WBS might differ 
from their in-house WBS, So they can 
use the OBS as their in-house WBS.) 

You then go to the (still blank) network 
chart and put the task list in the template 
on the bottom of the screen, making each 
task appear as a box at the cursor position 
in the chart. PS4 handles up to 1500 
tasks per project. 

You link the boxes together to show 
dependencies, drawing a line from one 


task box to the next. (Actually, you can 
have standard finish-start dependencies, 
plus start-start and finish-finish depen¬ 
dencies.) There is a data-entry table for 
showing dependencies, but it's much 
more fun drawing lines on the screen. As 
you draw each line, PS4 recalculates the 
critical path and highlights the boxes ac¬ 
cordingly as you go. 

At some point, you call down the proj¬ 
ect calendar (which actually looks like a 
calendar) and indicate what days of the 
week you'll be working, as well as what 
hours of the day (if you're figuring at the 
hourly level), and denote what holidays 
you'll observe. 

Finally, you can go to the Gantt chart 
to see (and print) the ta.sks as horizontal 
bars, one preceding the other, according 
to their dependencies. The length and 
scope of the project are clearly visible, 
with weekends and holidays and even 
lunch hours accurately figured in (and, if 
you wish, displayed on the chart). 

Automatic Resource Leveling 

The Gantt chart can have dependent 
tasks following each other in a logical 
order, but it can also have the same per¬ 
son doing 10 things at the same time. As¬ 
suming you're scheduling for more than 
one person, you have to worry about re¬ 
sources—and “resource leveling." PS4 
handles up to 500 resources. 

You can fill out a resource table that is 
similar to the task table. You can even use 
an identifying resource breakdown 
structure, or RBS, in a similar manner to 
that of the WBS or OBS. Each resource 
also gets a cost in dollars per hour, day, 
week, or month. The amount can be 
zero, but PS4 has to know what time pe¬ 
riod you want to use for scheduling. 
Also, you must state the availability—if 
the cost is per hour, then you might state 
an availability of 40 hours per week. 

Each individual resource can have its 
own calendar for figuring vacations and 
other variations. But you have to be care¬ 
ful. If a person assigned to a task goes on 
vacation during that task, PS4 delays the 
task's completion until that person re¬ 
turns. This makes sense—by assigning 
the person, you indicate that the task 
can't proceed without him. 

More complications arise when you 
start assigning resources to tasks. You 
can set up PS4 to figure the task duration 
on the basis of the assigned resources. 
For example, if the task had an expected 
duration of 6 hours and eight people are 
assigned to it, then that task's duration 
will automatically change to 1 hour. Or it 
can be set up to figure total input (e.g., 
eight people working 8 hours on a task 


means 64 work hours were spent). You 
can also have it calculate work rates to 
show that your eight people will have to 
work 8 hours a day collectively to finish 
the 64-hour task in eight days. 

The task-duration method might be 
preferable for scheduling construction¬ 
like projects, where tasks can be defined 
in work hours and scheduling is a matter 
of covering tasks with enough people to 
get the tasks done by a certain time. The 
problem with the task-duration method is 
that PS4 does not record your original 
work-hour calculation. If subsequent ad¬ 
justments in the schedule change the du¬ 
ration again, your original calculation 
will be lost. 

After you assign all your resources, 
next comes “resource leveling,” which 
means making sure everyone (or every¬ 
thing—a resource can be a bulldozer or a 
sum of money) is doing only one thing at 
a time. This can be done manually or 
automatical ly. 

Manually, you can call up histo¬ 
grams—one for each resource-in a tem¬ 
plate at the bottom of the Gantt chart and 
see if any of the bars in the histogram jut 
above the line (meaning overcommit¬ 
ment for that time frame). The histo¬ 
gram is shown on the same time scale as 
the Gantt chart, and only the tasks in¬ 
volving that resource are shown. There¬ 
fore, any problem task will be just above 
the line. The histogram template has a 
useful “search" command that searches 
the list of resources for overcommit¬ 
ments. Each time you invoke it, PS4 
finds the next overcommitment. 

You can then use the extend or delay 
commands to move or lengthen the task 
in question-actually adjusting the bars 
with the mouse—to alleviate the prob¬ 
lem. (Or you can add a delay value for 
that task in the task table or change its du¬ 
ral ion.) As you make each change, the 
other bars will rearrange themselves ac¬ 
cording to the precedences. 

The automatic resource leveling com¬ 
mand removes the overcommitments 
automatically. The use of automatic 
resource leveling is somewhat controver¬ 
sial among project management software 
vendors, since there is no good way to do 
it, and the resulting schedule may have 
tasks shoehorned together in ways that 
would be unmanageable in real life. 
However, it can quickly provide a work¬ 
able schedule, which you can then adjust 
manually. 

Baseline Traekitig and Analysis 
After it makes your schedule, PS4 can 
generate a “baseline" for a finalized 

comirmed 
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Now QuickPascal makes this 
sc^waie go evoi festen 



VliLnM4t(juickP.i^ 


Even the quickest minds tend to brake 
suddenly when confronting new languages. 

Enter new Microsoft* 
QuickPascal Compiler. 

The first Pascal that is 
, not only powerful but easy, intui- 
J f tive and 100% headache-free. 

I For example, our new 
|hypertext QuickFhscal Advisor 
"-' oners on-the-job training: by 
cutting and pasting sample code wu can learn 
to program in Phs^ from scratch. And if wu 
do hit a snag, the Quick Advisor can straighten 
everything out right on the spot 

To accelerate your tnought processes 
even more, all of our processes are seamlessly 
integrated; no other Fiscal offers you easier 





access to your editor, debugger and compiler. 

What’s more, Quicl^scal is the first 
PC Pascal to offer Object Oriented Progra¬ 
ming, or OOP With objects, you can easily 
assemble whole programs from modular build¬ 
ing blocks of code and data. And once you know 
Pascal, OOP is a snap. Which means, you get 
maximum productivity with minimum effort 

Naturally, our Fiscal is also fully source 
compatible with Turbo Pascal! 

So stop by your Microsoft dealer soon. 

Youll find our software is on the same 
wavelength as yours. 

Micmsoft 

Making it all make sense: 


Customers in the U.Sl call (8(X)) 426-9400. In Canada, call (416) 673-7638. Outside North America, call (206) 882-8661. Copyright 1989 Miciusoft Corp( iratioa All rij^ts reserved. Micmscjft and the 
M icnjwjft logo iire registered trademarks and Makinti it all make sense is a trademark of Microsoft Corporatioa Turbo fbscal is a registered trademark of Boriand IntematkinaL 
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Blackship 

Your “BEST BUY” Company 


Holiday Specials 


386 SYSTEMS 




"A reasonably priced system (Blackship 386/33) 
that performs well... it's easy to recommend 
this computer” 

- BYTE IBM Special Edition, Fall 1989 
"'Blackship 386/25: Reliability at a Good 
Pricethe only machine tested that was 
entirely trouble-free." 

- PC WORLD, August 1989 
"The Blackship offers low price 33-MHz 
performance... we rate it a very good value." 

- INFOWORLD, July 1989 
"Blackship's 386/25 is low price leader." 

- INFOWORLD, May 1989 
" .. one of the 80386-based clones that offer a 
revolutionary new feature — affordability” 

- BYTE, October 1988 
.. remarkably strong performance at bargain 
Pnces. _ June 1988 

386/33 Mliz System.$3383 $3185 

386/25 MHz System.$2S«9 $2395 

386/20 MHz System.$1363 $1695 

386/16 MHz System.$ 1,563 $1545 

386SX/16 MHz System .. 


286 SYSTEMS 


"Well-built newcomer js value leader among 
superfasf ATs we tested." 

^ INFOWORLD, February 1989 
"... its prke/performance ratio easily justifies 
PC world’s Best Buy recommendation." 

- PC WORLD, August 1988 

286/25 MHz System.$j;W5 $1195 

286/20 MHz System.$U8S' $1095 

286/16 MHz System.$995 

286/12 MHz System.$895 

286/10 MHz System... $845 


SYSTEMS INCLUDE 


• 1 Mb Memory 

■ 2 Serial, I P^ralleL 
and I Game Port 

• 2 FD/2 HD 
Controller 

• L2 Mb 5'// 

Floppy Drive 


• 8 Expansion Slots 

* Math Coprocessor 
Socket 

• Clock/Calendar with 
Battery Backup 

* Room lor Up to 5 
Half-Height Drives 


' Keytronic Keyboard • 220W Power Supply 


OPTIONS 


'Memory • Hard Drives • Tape Backup 
' Video • Modems * Digitizers • Printers 
' Plotters • More .. . CALL 



1 - 800 - 877-6249 

Blackship 

COMPUTER SYSTEMS. INC. 


4031 Clipper Court 
Fremont, CA 94538 
415-770-9300 
FAX 415-770-8674 
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schedule. The PS4 shows the original 
place of each task on the Gantt chart as a 
dark bar* 

At this point, if you scheduled in re¬ 
verse. you will want to change the setting 
to forward scheduling, which fixes the 
start date. Subsequent alterations can 
push back the end date, which is no 
longer fixed, but the slippage will be 
noted on the Gantt chart. 

Here you can run into a problem with 
any task that had a specific start date or 
deadline* (You enter these dates with the 
data that goes into the task template*) 
The start date and the deadline date are 
simply reversed when you switch from 
reverse to forward scheduling. But if you 
must do serious rescheduling during the 
tracking phase, you'll have to go into the 
templates and change all those dates— 
something you might not care to do* 

PS4 will also let you do a “PERT anal¬ 
ysis" on the schedule. You give three 
time estimates for each task—optimistic, 
pessimistic, and most likely* The soft¬ 
ware then comes up with an average esti¬ 
mate. You can vary the importance given 
to each of the three estimates. 

On the resource table, you can enter 
expected inflation values and the start 
dates for those values. You can, for in¬ 
stance, see if stretching out a project will 
actually save you money if, say, the 
workers involved are all likely to get 
raises in the meantime. 

PS4 comes with a stand-alone data 
conversion program (which also uses a 
GUI) called IMEX. It converts between 
the PS4 file formal and those of Lotus 
1-2-3, dBASE III Plus, and comma-de- 
Hmiled ASCII. 

On-Line Help 

PS4 has so many help features that its 
printed documentation is superfluous 
after you finish the installation. 

There are three on-screen help modes: 
standard, terse, and assist. In standard 
mode, you get a screen message for every 
error. In terse mode, you get only beeps 
for most errors. With the assist mode, 
you get a pop-up message every time you 
invoke a menu or need to make a choice. 
I quickly felt pestered by it and switched 
to the standard mode. 

Another command brings up an on¬ 
screen version of the reference manual. 
Its organization closely parallels that of 
the printed reference manual, but the 
material is more terse. If you are within a 
command when you invoke the docu¬ 
mentation, it takes you to the start of the 
section dealing with that command* 
Otherwise, it opens in the table of 
contents, and you use its GO TO com¬ 


mand to navigate from there* 

If you don't like using on-line help, 
there is the printed reference manual, 
plus a tutorial manual that includes a 
skeletal discussion of project manage¬ 
ment concepts* Ironically, it could use 
more graphics—the only key to the Gantt 
chart symbols I saw was the one that PS4 
adds to the printed version of the chart. 

A Question of Management 

PS4 borrows ideas from some of its more 
exfjensive cousins, such as Pertmaster 
Incernationars Pertmaster Advance, es¬ 
pecially the ability to level manually 
using a split screen. But PS4 remains a 
midrange package with midrange capa¬ 
bilities* It lacks, for instance, an outlin¬ 
ing feature whereby you can add details 
as they come to mind. There is no way.to 
input actual completion dates for individ¬ 
ual tasks during the tracking phase, 
which can be important when dealing 
with subcontractors. 

Also, the idea of using forward and re¬ 
verse scheduling seems unnecessarily 
complicated—most packages will at¬ 
tempt to level a schedule within given 
deadlines and run up a flag if that proves 
impossible. PS4 pushes the start or end 
date if there’s a leveling problem, and it 
flags the variance. The way it handles the 
duration of tasks may also make you ner¬ 
vous if those durations are the result of 
complex on-tbe-side calculations. Other¬ 
wise, if the duration needs to be what you 
say it is, you'll like the precise control 
PS4 gives you. 

On the other hand, the program is very 
fast; rarely do you have to wait for any¬ 
thing. Running PS4 on even an IBM XT 
is reasonable. It's also friendly, with its 
help modes and graphics. 

But project management is like word 
processing. Everyone's needs are so id¬ 
iosyncratic that you can't have a package 
that is all things to everyone. PS4 is best 
suited to middle-level managers who oc¬ 
casionally need a quality project man¬ 
agement package with enough friendli¬ 
ness to slash the learning curve. And it's 
certainly better than a blackboard. ■ 

ACKNOWLEDGMENT 
/ wish to thank consultant Daniel Yah- 
dav, pres idem of J Soft Decision, Inc ., in 
San Rafael. California, who provided in¬ 
put on this review. He publishes PM Solu¬ 
tions, a decision-making tool for select¬ 
ing project management software. 


Lamonl Wood is a freelance writer in the 
computer and electronics fields and lives 
in San Anionio, Texas, He can be reached 
on BIX as "'Iwood. " 
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Data analysis software 
from SPSS givos your PC 
a winning advantage. 

It doesn’t matter which field you play 
hardball in. With the right combination of 
equipment and ability, you can be a hero. 

You get that ability with SPSS. 

Whether your equipment runs on 
MS-DOS™ or PC-DOSr OS/2™ or a 
Macintosh™ So you turn raw data into 
useful facts. And yourself into a smarter 
decision maker. 

With SPSS and its options, you can 
interface directly with data from your 
database, spreadsheet or other 


application software, Then manipulate it 
in countless ways. From data entry to 
advanced statistics, forecasting, 
presentation and more. 

Voted #1 by the fans. 

When the readers of PC Week chose 
the top statistical software tor "user 
satisfaction" (12/5/88), their choice was 
SPSS. And no wonder. 

SPSS is designed not only for your 
computer’s operating system, but also 
for its operator. With menu and help 
systems, plus an on-line statistical 
glossary. So you’re always in control. For 
market research, sales analysis, quality 
control and more. 


And you can always count on the 
training, support, and ongoing 
upgrades of SPSS. The team that's 
come through for over 1 million users 
since 1968. 

Find out how SPSS can make you first 
in your micro league, by calling 

[ 3121329 - 3315 . 

We'll give you the numbers to really 
stand out in your field. 

SPSSnc. 

Besf m the finaf analysis. 

444 North Michigan Avenue, Chicago, Illinois 60611 
SPSS tnt&mational BV: Avelingen West 80, 

RO. Box 115,4200 AC Gortnchem, 

The Netherlands 


SPSS is a regtsfeied trademark of SPSS fnc. PC-DOS and OS/2 are trademarks of Internali&naj Business Machines Cerpofaticn MS-DOS i® a iradsmaTk of Micresoll Corporation 
MaointPsh is a registered trademark of Apple Computer. Inc. Not all options ate available on all operalmg systems. 
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Cause 


Effect 


CAUSE introduces 
personal program¬ 
ming — a new 
technology that lets 
you create software 
without learning a 
language. With CAUSE, use a graphical 



interface and object-oriented program¬ 
ming techniques to build applications in 
hours instead of months. Without any 
code or syntax. Users can create those 
elusive solutions. Programmers can 
develop as fast as they can prototype. 

Naturally, CAUSE implies EFFECT. 
EFFECTS are applications written with 
CAUSE, and published by Maxem. 
Submit your CAUSE-generated applica¬ 
tions to Maxem, and publish software 


without the hassles of mai'keting and dis¬ 
tribution, only the hassle of cashing your 
royalty check. Get in touch with the 
future; call Maxem 1-800-336-6296 or 
write Maxem, 7855 South River Park- 
M&03M* way, Tempe, AZ 85284. 
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Hardware Review 


What Price 
Color PostScript? 



Thanks to the speedy 
QMS Model 10, 
the cost of color 
PostScript printers 
continues to wane 


Howard Eglowstein 


W ith a fast 68020 processor 
and color PostScript capa¬ 
bility for under $10,000, 
the QMS ColorScript 100 
Model 10 carves new territory for wax- 
transfer printers. 

Like its big brother, the Model 30, the 
ColorScript Model 10 produces color 
images with a noil of Mylar ribbon alter¬ 
nately striped with bands of yellow, ma¬ 
genta, cyan, and black wax. A host com¬ 
puter sends color PostScript commands 
to the printer through a serial or parallel 
interface on PCs, or through a DB-9 
LocalTalk connector on Macintosh net¬ 
works, The 68020 processor in the 
Model 10 runs the commands through 
the PostScript interpreter and generates 
four-color separations. 

Image for image, the QMS Model 10 
matches the print quality of more-expen¬ 
sive printers. The high-performance 
processor enables the printer to blow the 
doors off the competition. But color 
printing doesn’t come cheap. Hard copy 
from the Model 10 costs about ei^t 
times as much as black-and-white output 
from a standard laser printer. 

More Expensive Than Crayons 

The $9995 base price includes 4 mega¬ 
bytes of image RAM; the serial, paral¬ 
lel, and AppleTalk connectors; 35 resi¬ 


dent fonts; 30 sheets of coated paper; and 
a short ribbon. Full-size ribbons cost 
$105 each. Coated paper runs to $125 
for 2000 sheets; transparency sheets are 
$125 per 100, 

Three options are available: extra 
RAM, external hard disk drives, and 
Hewlett-Packard Graphics Language 
(HPGL) emulation software. The extra 
RAM lets you download more fonts or 
create larger images in printer memory. 
The $1495 4-megabyte upgrade allows 
for both legal-size printing and more 
downloaded fonts. The 20-megabyte and 
40-megabyte external hard disk drives 
($995 and $1495, respectively) connect 
to a SCSI port on the back of the printer. 
They enable the Model 10 to automati¬ 
cally cache fonts as needed or to store 
downloaded fonts for quick retrieval. 

The HPGL emulation software ($199) 
is a PostScript program that you down¬ 
load to the Model 10. From that point on, 
your application sends plotter commands 


that would normally control an HP 7475 
or compatible (HPGL) plotter. I had dif¬ 
ficulty getting the software to run on our 
base model printer. It handled simple 
images, but it choked on fairly complex 
images. I suspect that I needed more than 
the standard 4 megabytes of memory to 
run this emulation. 

Blazing Speed 

I tested the Model 10 against the Color^ 
Script Model 30, the Tektronix Phaser 
CP (see “Color by Numbers,” July 
BYTE), and the Apple LaserWriter 
TINT, ^ch printed the benchmark files 
used in our Product Focus on PostScript 
printers (see “PostScript Printers Come 
of Age," September 1988 BYTE), The 
Model 10 converts PostScript commands 
to an internal bit map with impressive 
speed, as the PostScript graphics test 
demonstrates (see table 1), Generally, 
the Model 10 performed better than the 

cmiimed 
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more expensive Model 30 and held its 
own against the Phaser in all but the 
large-text-file print test. 

The wax“transfer process requires the 
Model 10 to roll the paper through the 
printer several times, one for each color 
on the ribbon. The printer grabs a sheet 
of paper from the stack and rolls it in. 
The paper comes out the output tray, the 
ribbon advances, and the printer draws 
the paper in again. When the paper re¬ 
appears, you see the yellow portion of 
the image. Successive passes build the 
image before the paper is finally released 


into the output tray. Because our Post¬ 
Script test files are black and while, the 
Model 10 had to roll through all four rib¬ 
bon colors just to use the black band. 

After evaluating the printer's speed 
with the color ribbon, I also tested its 
performance with an all-black ribbon, 
which allows you to use the ColorScript 
without wasting expensive color ribbon. 
With a monochrome ribbon, the Model 
10 ran significantly faster than the 
LaserWriter on both the large-text-file 
and the graphics tests* Both printers use 
Adobe PostScript, so the speed differ¬ 


ence has to be related to processing 
power—the LaserWriter’s 11.5-MHz 
6SOOO is simply no match for the Model 
lO^s 16.7-MHz 68020 processor. 

In addition to speed, the Model lO's 
print quality looked excellent for a wax- 
transfer printer. I ran Adobe Illustrator 
and PageMaker 3.0 on both a Mac II and 
an AT compatible. Both applications 
took advantage of the ColorScript's full 
range of colors. Your application will de¬ 
termine the amount of color you get. The 
fonts could be crisper, but you shouldn't 
consider this printer as a substitute for 
laser printing or for generating final 
color output—it's good, but it’s not that 
good. Still, the output matched that of 
the Model 30 and proved comparable to 
that of the Tektronix Phaser CP, which 
costs about $2000 more (see figure). 

Who Needs Color? 

This printer makes sense for people who 
need color proofs or small numbers of 
high-quality color copies. QMS expects 
the printer to be popular with desktop 
publishers and others who need quick ac¬ 
cess to color hard copy. I can imagine it 
being used, for example, in real estate of¬ 
fices for listings sheets and in businesses 
that prepare color transparencies for pre¬ 
sentations. It's also ideally suited for art¬ 
ists using desktop computers for layout 
and design. Because it supports PCs and 
Macs equally well, network installations 
may be the best application for it. 

Accordingly, I envisioned that some of 
these professionals might print a number 
of proofs, stuff them into the trunk of a 
car, and drive off to meet a client. Would 
the wax on the printed copy melt and 
stick the pages together if the car were 
left in the hot summer sun? T stacked 
some hard copies from the Model 10 in 
BYTE's environmental chamber and set 
it at 140 °F. After 5 hours in our car- 
trunk simulation, the color images were 
as clear and bold as ever, and the stack of 
wax printouts didn't melt together. 

Cashing in on Color 
Although attractive, the Model lO's 
under-$ 10,000 price isn’t the whole 
story* A four-color, letter-size copy from 
the printer costs about 68 cents. By com¬ 
parison, standard laser printers churn 
out black-and-white images for 8 cents a 
sheet or less. Even with the monochrome 
ribbon, a black-and-white copy from the 
Model 10 costs about 25 cents, three 
times the price of a copy from a standard 
laser printer. 

Also, the "optional" I-megabyte 
upgrade is necessary if your work re- 

cominued 


Table 1: Running BYTE’s PostScript-prinier benchmark files, the ColorScript 
100 Model 10 logged impressive spee^, especially when converting PostScript 
graphics commands to an internal bit map. (All times are in seconds.) 

FOUR-COLOR SPEED 


Printer Large Small PostScript 

text text file* graphics file 


Apple LaserWriter (INT 

484 

131 

203 

ColorScript Mc3del tO, mono ribbon 

344 

127 

41 

ColorScript Model 10, four-color 

874 

328 

99 

ColorScript Model 30 

1582 

362 

297 

Tektronix Phaser CP 

640 

380 

285 


* Consisted of a 125K b/le. 16 page file that contained seven fonts 

* Consisted of a 26K-hy}e, six^page hie w>th three fonts and small graphical elements. 



ColorScript Model 10 hard copy (top) matches the quality of that of the more 
expensive Tektronix Phaser CP (bottom). Both printers use wax-transfer printing 
technology to achieve superb outpuL 
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The Ultimate 
Business Computers 






it comes to the basks, price, 
peiformance. . .capacity...CLUB American 
Technologies^ ^Melivers outrageous value ," 

PC WORLD September 1989 


Model 320 mmb-mMHz 


Spa-rrcnv 1/16 
80Za6-l6MHz 


Model mo B0286-12MHZ f Model 210D 802S6-10MI-IZ 
Model 316SX B03^X-l6MHz 


The Ultimate Business Computers 

In 1986, CLUB American Technologies introduced the first 
personal computers designed for heavy industrial and commercial 
use* Since then, over 175,000 CLUB computers have been installed 
worldwide and have been well accepted by the Fortune SOO, 
Government Institutions and thousands of small businesses. 


If your business i^ Looking for a 

computer that can give you the edge 

in today^s competitive marketplace, call today 

and find out more about the Ultimate Business 

Computers from CLUB American Technologies. 


This overwhelming success in CLUB's computers is a result of 
excellence in engineering during which no details are overlooked 
from the initial design to the final product Also during manufac¬ 
turing, each system is subject to an intensive SCBI process 
followed by In-Circuit Simulation Field Testing, 


(415) 683-6600 

In Canada, PC Centre: (416) 47(J-0560 
International: (415) 683^^ 
Technical Support: (415)683-6580 



American Tcdmoto^cs, Inc. 


CiTiporatie P.CXs Welcome. Government and OEM VARS Welcome, CLUB American Technologies Inc. 3401 West Warren Avenue, Fremont, CA M539^ Club Ad6 v. I 7/89 
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REVIEW 


...and you switch over fully 
automatically. 



Because you never notice that manual 
switches are set wrong until it's too late. 

Because desktops are full enough anyway. 


The automaac switch H imcgriuod inio ihc Type 252]0»2-to-MJSJ 115 

eonitEctDT, requires no power suppEy or Type254I0^4-iQ-], US$ JfiS 

inanipulaikiiii and is aiuiche^ wiihln a titoiuie, (details of 6 T twitches on nctpcst) 

Com^blc wjlii all PCs. 


PC & UNIX eompatiblo products Bus System, Error C«TBCllon. InlaFlaas. Una DriwrK. Optical Isdalors, 
Printor BuftefB. T^Witchae. 20mA. C64. CBnCimics. IEEE4Bfl. HS232. RS422. *23. 485. Manttos 


Wiesemakin Sc Theis 
Wlncbenbacbstr. 3 -S 
D- 560 a Wuppertal 1 
West Germany 
Tel.i++^9 m 505ff77 
FaB:>-H 49 2102 SllOSO 


¥73&16tlCD S 

(02J 4674il I Sicctel (41 ft) *7151*50 

Weber & Ca Ol) 9302!M3<^ Wie»m*tm 4 Thiiia 
|l!5201)i0l5or; JilKfM}47^] 39CTa Nacil 

ti84QJ7.52C3D liw ton ** 15013 tehe 

53S4500<;^R»raTWOe}IHfi3ri C.[ 4 
XmiIi {OlO 45ffFfl86C^ titofctcc OnsafiStl 

OvcFw^ir Trade TTSfiOTT 


inteI^^es 





* Remalni In Place while you use your computer. 

• Avoids Costly Repairs. Protects delicate electronics 
from dust, spills, smoke, ashes, staples. 

« Softi^ Flexible, retains normal keyboard feel. 

* Washable, Durable High-Tech Polymer lasts years. 

■ Hundreds of Models. SafeSkIn Is available for most 

PCs, laptops, workstations and clone keyboards. 

• Office * Home * Factory * Classrooin * Laboratory 

List Price $29.9S. Please call or write for free color 
brochure. Dealer Inquiries encouraged. 


KEYBOARD PROTECTOR 

Merritt Computer Products, Inc. SS 65 Red SJrd Center Drive 
Suite ISO, Oall^, Texas 752 S 4 /f 214 | 339-0753 * FAXf 2 K| 339^1313 
In Canada call 1 - 600 - 663-1061 


WHAT PRICE 
COLOR POSTSCRIPT? 


QMS ColorScript 1Q0 Model 1C 


Company 

QMS. Inc. 

One Magnum Pass 
Mobile, AL 36618 
(800) 631-2692 

Features 

Full four-color printing (wax transfer); 
standard AppleTalk, parallel, and serial 
interfaces; SCSI connector for externaJ 
hard disk drive; 4 megabytes of RAM 
standard, expandable to 8 megabytes: 
16.7-MHz68020 processor; Adobe 
PostScript interpreter; 35 resident fonts; 
300-dpi print resolution; HPGL emulation 
available: handles letter, legal, and A4 
media sizes (paper or transparency 
material); Pantone certified 

Size 

1 LA X 17 X 24% inches: 65 pounds 

Hardware Meeded 

MS^DOS computer with serial or parallel 
interface; Macintosh II family; any other 
computer capable of generating 
PostScript commands to a standard serial 
or Centronics parallel interface 

Documentation 

Owner s manual 

Price 

As tested with 4 megabytes of RAM: $9995 

Inquiry 861. 


quires you to print full 8*^4- by 11-inch 
color images. Because of the precision 
needed to keep the four color passes 
aligned, the printer takes a t J4‘i^ch bot¬ 
tom margin and a Yio-mch top margin off 
each sheet of paper. This crops standard- 
size pages to an effective printing area of 
SKo by 9 inches. You could handle this by 
using legal-size paper, where the print¬ 
able area becomes by 12 inches. I 
tried this on our base model, but the stan¬ 
dard 4 megabytes wasn't enough. If you 
need to print a full page, 5 megabytes of 
memory is a minimum configuration. 

In general, the ColorScript 100 Model 
iO is well built, relatively inexpensive, 
and reasonably fast. Color PostScript ca¬ 
pability is clearly not for everyone. Even 
at $9995, the printer's price will keep it 
out of reach as a personal printer for most 
people. However, this technology is like¬ 
ly to become more appealing as the price 
of wax continues to wane. ■ 


Howard Eglowstein is a testing editor for 
the BYTE Lab. He can he reached on BIX 
as “heglowstein ." 
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Send for a free Buick disk. 

It's an easy way to discover the 
exciting new Buick models. Once you 
test-drive a Buick in your own home, 
lost think how exciting it ■will be to 
testdrive one on your fevorite Great 
American Koad. 

'Ib-cet your free disk, fill out the 
attaAedcard, call 1-315-2?9-5552. 
or write: Buick Dimensions, EO. Box 
3p, Flint. MI 4S50k9960. Please 
your disk foni^ 

" " fe.. 

The Great American Road belongs to 


Meter* Cotporan™. 

tuened- (lulctdntf ona rtgfiiNpiwj 
/Fpdoitieiii ef Gtewnf Mmvi Cinptnra(i4n. 
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Reviewer’s 

Notebook 

Notebook is a 

compilation of brief reviews and 
updates to previously published 
evaluations. BYTE wiU publish 
Reviewer's Notebook each month 
on a space-permitting bmis. 


Update: Standout Graphics Board 


I n November, BYTE’s Product Focus 
spotlighted coprocessor-based graph¬ 
ics controllers for mainstream PCs* 
Since then, we’ve tested another 34010- 
based board, the Rendition II from Re¬ 
naissance, which proved itself among the 
top performers in this product class. 

The Rendition II is a medium- to high- 
resolution (1024- by 768-pixel) graphics 
controller for IBM ATs and compatibles. 
The $1495 base model includes 512K 
bytes of video RAM, enough for 16 si¬ 
multaneous colors at full resolution. Re¬ 
naissance also sells a 256-color board 
with 768K bytes of VRAM for $2095* 
Each model offers a 24-bit color lookup 
table fora 16* 7-milI ion-color palette* 

In addition to frame-buffer memory, 
the board provides sockets for up to 512K 
bytes of DRAM; the base model comes 
with 128K bytes installed. DRAM can 
be used to store 34010 downloadable in¬ 
structions, or any data shared by the 
34010 and the primary processor. 

Although Renaissance supports the 
Texas Instruments Graphics Architec¬ 
ture 340 interface, TIGA drivers for the 
Rendition 11 are still in the works. The 
standard application interface now ship¬ 
ping with the board is IBM’s 8514/A AI. 
Renaissance also offers its proprietary 
graphics interface to developers. 

The board arrives bundled with a 
wealth of drivers for specific applica¬ 
tions, including Gem/3, Ventura Pub¬ 
lisher, and Microsoft Windows* Renais¬ 
sance also provides display-list drivers 
for AutoCAD releases 9 and 10, Versa- 
CAD, and MicroCADDs GCD. YouTl 
need additional hardware to run under 
standard graphics modes, because the 
Rendition TI doesn’t do emulations. The 
board can coexist with a standard graph¬ 
ics board, and it supports VGA pass¬ 
through for single-monitor operation* 
You can also buy a VGA daughterboard 
($300) to save an expansion slot. 

I ran our AutoCAD release 10 and 


PageMaker tests with the Rendition II in 
the same Compaq 386/20 that we used 
for our Product Focus, Table 1 compares 
Rendition’s performance with that of two 
of the best boards from that review. 
Number Nine’s Pepper Pro 1280 and 
Compaq’s Advanced Graphics 1024* 

The Rendition II keeps the AutoCAD 
display list in on-board memory, split¬ 
ting it between available DRAM and 
video RAM* The unit I tested had 384K 
bytes of DRAM and 1 megabyte of 
VRAM, with 768K bytes required for 
the frame buffer* If EMS memory is 
available, the board can use both on¬ 
board and expanded memory. The driver 
can also write the information to disk. 

CAD performance was excellent. The 
driver maintained display lists for the 
large and small drawings. Times approx¬ 
imated those of the Compaq Advanced 
Graphics 1024 board. The Rendition’s 
PageMaker test performance also came 
close to the Compaq’s, which topped our 
list of 1024- by 768-pixel boards. The 
screen displ^ was clear and readable, 
and the driver had no noticeable flaws* 
Overall, the Rendition board is excel¬ 



The Rendition U provides J024- by 768- 
pixel resolution and some slick extras. 


lent for medium- to high-resolution 
graphics* Besides speed, reasonable 
price, and a good-looking display, it of¬ 
fers some slick extras. An automatic self¬ 
test routine, easy driver-configuration 
utilities, and solid documentation round 
out the package.— 


Rendition II 
Renaissance GRX, inc. 
Cedar Park 
2265 116th Ave*NE 
Beiievue.WA 96004 
(206) 454^086 
$2993 as reviewed 
Inquiry 654* 


Table 1; Rendition if holds its own against the top coprocessor-based graphics 
controllers. (All times in seconds.) 


TOP 34010 BOARDS 





AutoCAD 
Smali drawing 


AutoCAD 
Large drawing 


PageMaker 


Redraw Zoom 

Pan 

Redraw Zoom 

Pan 

Scroll 

Zoom 

Renaissance GRX 
Rendition li 

2 6 

5 

3 8 

7 

12 

4 

Number Nine 
Pepper Pro1280 

2 2 

3 

5 4 

4 

9 

5 

Compaq Advanced 
Graphics 1024 

2 6 

5 

3 10 

8 

11 

4 

Compaq VGA* 

7 11 

9 

12 16 

14 

21 

2 

' Resu tis for a Compaq VGA card are ahow n for comparison. 
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Mac Color by SCSI 

A ura Systems’ ScuzzyGraph II brings 
higher resolution and color to the 
Mac Plus and SE. ScuzzyGraph is an ex¬ 
ternal graphics display that plugs into the 
SCSI port and lets you connect with 
large-screen monitors. To install it, you 
configure a few jumpers, place the unit 
under your Mac, connect the SCSI cable, 
and turn on the power. 

ScuzzyGraph is fast. Its dual proces¬ 
sors (a 10-MHz 68000 and a 40-MHz 
34010) render the QuickDraw eight- 
color set as fast as the Mac normally dis¬ 
plays black and white. The reviewed 
Model Ilm/8a gives 720- by 512-pixel 
resolution on an NEC MultiSync. 

The INIT diverts QuickDraw calls 
from the screen to the ScuzzyGraph. It 
works well if your software supports 
QuickDraw. The list is short; ask Aura if 
it includes your favorite programs. 

Our test unit showed one weird charac¬ 
teristic. When printing to a PostScript 


printer, the ScuzzyGraph intercepted the 
QuickDraw calls meant for the printer 
driver and rendered the print image on¬ 
screen. The Mac printed the image accu¬ 
rately, but the screen image was partially 
obscured with pieces of the print image. 

A more serious problem, and one be¬ 
yond Aura’s control, relates to color 
printing. Most color printers want to see 
Color QuickDraw before they can print 
in color. The Mac SE doesn’t have it, and 
applications will still print in black and 
white. The ScuzzyGraph will display 
color, but you may not be able to print it. 

I’d like to see a monochrome version— 
and some protection for the power-sup¬ 
ply connections inside the case. If you 
open the case while the unit is plugged 
in, you can get a nasty shock. 

ScuzzyGraph isn’t cheap. The digital- 
only version starts at $995 for resolutions 
of up to 720 by 512 pixels. Aura’s most 
expensive model ($2495) supports moni¬ 
tors with resolutions of up to 1280 by 
1024 pixels. By comparison. Orchid’s 
ColorVue SE display board costs $695. 


The more expensive ScuzzyGraph runs 
faster and works with the Mac Plus. If 
you later want to upgrade your Mac SE to 
an SE/30, the ScuzzyGraph can tag along 
and provide color for that as well; Color¬ 
Vue won’t fit into your upgraded Mac. 

Before investing in a ScuzzyGraph, SE 
owners may first want to speed up their 
machine’s processor. Apple offers an up¬ 
grade from a Mac SE to an SE/30. Then 
you can choose an internal color board 
and get real Color QuickDraw. 

Mac Plus owners who don’t plan to up¬ 
grade to a faster Mac may have more rea¬ 
son to take a look at ScuzzyGraph II. 

—Howard Eglowstein 


ScuzzyGraph II 
Model llm/8a 

Aura Systems. Inc. 
P.O. Box 4576 
Carlsbad. CA 92008 
(619) 438-7730 
$1195 

Inquiry 852. 


Update: Plotter Redux 

I n our Product Focus on plotters last 
year (“Plotters in Perspective,’’ De¬ 
cember 1988), we voiced serious reser¬ 
vations about the overall poor perfor¬ 
mance of United Innovations’ (UI) wall- 
mount Mural 8000 plotter. Since that 
time, the company has embellished its 
plotter line with options that encouraged 
us to take a second look. 

UI has resolved one of the noted weak¬ 
nesses, manual pen changing, with the 
eight-pen Auto-^lect option. The $495 
add-on attaches to the side of the Mural 
8000 (sizes A-D) and Mural 9(XX) (sizes 
A-E) to automate pen changes. A four- 
pen Auto-Select ($395) is available for 
the Mural 7000 (sizes A-C). Auto-Select 
also includes the Sure-Flo test pad: 
When a new pen is selected, it draws on a 
scratch pad, ensuring smooth pen flow 
before drawing. This slows down a mul¬ 
ticolor plot, but you can disable the fea¬ 
ture with the flick of a DIP switch. 

Another option is a pen holder that at¬ 
taches to the pen arm and accepts a wide 
range of writing instruments, including 
large magic markers. This makes the 
Mural 8000 ideal for drawing signs. 

The Mural 8(X)0’s flatbed design and 
its new options make it one of the most 
versatile large-format plotters around. It 
will accept any medium (including pos- 
terboard and plywood) up to a quarter of 



The revamped Mural 8000plotter now 
offers optional automatic pen changers 
and new pen holders (inset). 


writing instruments, as well as those 
whose plotters handle a wide range of 
jobs. Even with the options, the Mural 
8(X)0 is relatively inexpensive, with a 
base price of $2495. A utilities disk that 
comes packaged with the plotters in¬ 
cludes some useful programs for digitiz¬ 
ing, resizing plots, and converting be¬ 
tween the Hewlett-Packard Graphics 
Language and other formats. 

Mural 8(X)0 has some weaknesses; it’s 
slow, and mounting the paper with dou¬ 
ble-sided tape is awkward. But the trade¬ 
offs that UI has made keep the price 
\awStanford Diehl ■ 


an inch thick. Its open sides accommo¬ 
date especially long media. With in¬ 
cluded software, you can complete part 
of your drawing, slide the media through 
to the next section, and then continue the 
plot. Similar attachments accept drafting 
pencils or a digitizer sight. 

The plotter should appeal to those who 
require nonstandard media or special 


Mural 8000 

United Innovations 
171 Interstate Dr. 

West Springfield, MA 01089 

(413)733-3333 

$2495 

Inquiry 855. 
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Bom To Fly. 

Introducing the new Swan 386/33. 

There's nothing faster or more powerful in personal computing 
than a 386/33 system. And now there's no better value in this 
field than the Swan 386/33. 

The Swan 386/33 easily manages today's most power- 
hungry applications such as CAD/CAM/CAE. It's blazing 
33MHz speed will especially benefit multi-user and multi¬ 
tasking networks running under UNIX'’^ and XENIX'*, And 
because it comes in a vertical case, you can have all this power at your fingertips 
without taking up all your desk space. 

To provide the expandability required for network fileservers and multi¬ 
tasking systems, this Swan is expandable to 161VIB of memory. In addition, the 
Swan 386/33 also offers an access socket for either the Intel™ or Weitek 3167 



TKHnOIOlilif 




math coprocessor. 

Like all Swan products, the 386/33 is competitively priced and backed by 
Swan's unsurpassed customer support services. No wonder the Swan 386/33 is 
the acknowledged value-leader in the field. 


Siuan 386/20D 


'Tussey's Swan 386/20 flies." 

— Computer Shopper, April 1989 
Gracefully combining power and perform 
ance, this Swan has soared to the uppe 
limits of today's technology. 


$1899 


Base System wiih Single Floppy, No Videc 


386/20D 

VIDEO OPTIONS 

Include Monitor & Video Adapter 

Drive Options 

Mono 

14" Flat 
Mono 

VGA 

Mono 

VGA 

Color 

W/48MB f2ami> 
if 1:1 

$23^9 

$2448 

$2598 

$2898 

w/8fJMB 

1:1 Interleave 

$2749 

$2798 

$2948 

$3248 

w/!50MB(18nifi) 
ESOIW / ] :11 Ve 

$3394 

$3443 

$3593 

$3893 


Vertical Case Option for 386/20 
w/230W power supply add $3(H) 


The New Suian 386/33 


Fast, powerful, and expandable — soar ti 
the upper limits of today's technology 
with this Swan. 


$3999 


Base System with Dual Floppies, No Videt 


3313 MHz 

► Nortoji SI (ver 4.0) 41.8 

* Landmark (ver 0.99) 58.7 

► Pmver Meter (z^er 2 7.583 MIPS 

* Phoenix BIOS 

* IMB of 32-Bit Expandable to ISMB 
Shadow RAM for Video & BIOS 

^32KofSRAM Cache 

*inld 80387-33 & \Neitek3176 Coproces^r Socket 

► 230 W Pmver Supply 


* 6 Exposed 525"* Half Height Device Bays 

- 12MB 525’" & 2MMB 3.5" Fhp^Ty Drives 

* Ports: 2 Serial, 7 Parallel 

* $ Expansion Slots: 1) 32-bit, 5) 16-bit, 2) 8-bii 

* Enhanced 101 Kiy Keyboard 

* Clock Calendar wjBattery Backup 

* Szvan Setup & Utilities Diskette 

* Q>4+ Diagnostic Benchmark Program 
»Microsfes EMS 4.0 Software 

* Microsoft MS-DOS v. 4.Q1 


386/33 

VIDEO OPTIONS 

Include Monitor &t Video Adapter 

Drive Options 

Mono 

14' Flat 
Mono 

VGA 

Mono 

VGA 

Color 

w/lSDMBdSms) 

Sl 1:1 Inlerlcave 

$5849 

$5898 

$6399 

$6699; 

w/3lJUMaah-,Smsl 
Sy™. SCSI blicf^ce 

$6649 

$6698 

$7199 

$7499 

w/6fK)M0(t65in5j 
&rni: SCSI bilcdacc 

$7849 

$7898 

$8399 

$8699 


Order Now Toll-Free 

1-800-468-9044 


FAX: 614-237-4450 • Intemational: 814-234-^2236 


Call for additwnal features & speciftcations 


UNIX' b A tfiadc-mark >4 ATfrT' 

XENIX* iso trademarit. of MinnKoO Coiyioriiticjn 
Intd 387 b A in:gb(rti?d [tiuiirtmrft of Icitel CfwpoFaHun 
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Sman 286/12 SuKin XTIO 


Sujan 386SX 


Tussey's entry comes in first forexpanda- 
>ility and low price, and it still turns in 
espectable times." 

— PC Week, Apr. 10,1989 

$1399 


^se System with Single Floppy, No Video 


386SX 

VIDEO OPTIONS 

Include Mouilot 6i Video Adfif>ter 

Drive Options 

Mono 

U ■ Hat 
Mono 

VGA 

Mono 

VGA 

Cblor 

W/32MB <40m5) 

&: 1:1 IntcrItHVi? 

$1799 

$1848 

$1998 

$2298 

W /48MB (Tflutii) 

Xe hi Interle^vi? 

$1899 

$2048 

$2198 

$2498 

w/fiOMB (28msJ 
& 1:1 Interleave 

$2249 

$2298 

$2448 

$2748 

IV/168MB a Bins) 

SDt w/l:l Interleave 

$2894 

$2943 

$3093 

$3393 


"...Steady and sure describes Tussey 
Computer Products' Swan 286/12," 

— PC Magazine, Sept. 12,1989 
Reliability ... at an affordable price! 


$899 


Base System with Single Floppy, No Video 


286/12 

VIDEO OPTIONS 

Indude Monitor & Videu Adapter 

Drive Options 

Mono 

14" Flat 
Mono 

EGA 

VGA 

W/32MB ^40m3) 

& 1:1 Interleave 

$1299 

$1348 

$1698 

$1798 

W/4SMB (26ms> 

St 1:1 Interleave 

$1399 

$1448 

$1798 

$1898 

w/SOMB (Tams) 

(c 1:1 Interleave 

$1749 

$1798 

$2148 

$2248 


"I've been heavily using my Swan XTIO 
now for almost five months and IVe en¬ 
joyed every moment of it... I believe I 
made an intelligent choice." 

— Dexter McGirf, Charkston, SC 

$549 


Base System with Single Roppy, No Video 


XTIO 

VIDEO OPTIONS 

Include Monitor & Video Adapter 

Drive OpIiofiB 

Mono^ 

CGA 

EGA 

VGA 

Single Roppy 

$699 

$869 

$1098 

$1198 

Dual Roppies 

$779 

$949 

$1178 

$1278 

*w/32MB (40ins) 
Hard Drive 

$979 

$1149 

$1378 

$1478 


Standard Features 

386/33 

386/20D 

386SX 

286/12 

XTIO 

:pu 

80386 

80386 

80386SX 

80286 

8088-1 

Ipeed (MHz) 

33/B 

20/S 

16/8 

12.5/6.25 

10/4.77 

3IOS 

Phoenix 

Phtjenix 

Phoenix 

Phoenix 

Phoenix 

vJorton SI Rating v 4.0 

41.S 

22.0 

17.& 

12.3 

2.1 

itandard Memory 

IMS 

1MB 

1MB 

512K 

64nK 

shadow BIOS 

Yes 

384K 

Ye§ 

Yes 

— 

Memory Upgrades 

2/4/5/8716ME 

2/ife/K/lMB 

2/3/5/6/4MB 

fr«rai:/i/2/5/5kia 

— 

Coprocessor Support 

00087 0^3167 

9020701 00307 

0O3875X 

80207 

8097 

Expansion Slots: 32'bit 

1 

1 

— 

— 

— 

ixpansion Slots: 16-bit 

5 

4 

& 

6 

— 

ixpansion Slots: &-bit 

2 

3 

2 

2 

8 

Dual HD/FD Controller 

Yes 

Yea 

Yes 

Yes 

w /HD sypliiti* 

j,25'" Hoppy Drive 

Standard 

Yaur 

Choice 

Your 

Choice 

Ynur 

Choice 

Standard 

15” Hoppv Drive 

Standard 

Optional 

Device Bays I'l-iipaKdv E7riirrTu.ji 

6Tsp. 

3 Exp./l Int. 

3 Esp./l InL 

3Exp./2Inl. 

2 Exp./2 Int. 

^ial Forts 

2 

2 

1 

1 

1 

\dditional I/O Ports 

1 Parallel 

1 ParalieJ 

1 Parallel 

1 Parallel 

1 Par/1 G«ine 

^ower Supply 

230W 

200W 

200W 

2oaw 

15^)W 

'Ceyboard rrHiucbicCLificcir^Kiiaii) 

101 Key 

101 Key 

1[>1 Key 

IDl Key 

101 Key 

Additional Features 

Clock Caldularw/BiitEerv Backup and Setup/UtLtitii^s IXsk 

>perating System 

Included | MS-DOS St GW BASIC add $89 


' Lncludeb Single 360iK Ruppy Drive 
Upgrade ffioin 12" to 14" Flat Screen, add $49 


There's something 
exciting in the ain 


a Older: No surcharge on Disoovcr, Visa, MasterCard or AMEX. • Your credit 
,rd is not charged until your order is shipp>ed. Shipp ing; 3% Or $5 miilJTm.iin for 
Ground. Call for shipping charges on Express Air, APO, RX), AK, HI and all 
ireign orders. • If part of your order is backordered, the remainder will be 
ipped UPS Ground, * Allow 2 weeks h>r personal and company checks to dear. 
Defective items replaced or repaired at our dlscretLon. • PA deliveries add 6% 
les tax. • Prices and terms subject to change without notice. 




len: Ba.m.-llp.m,M-E lEla.m.^p.mrSat 12p,mr‘8p,m.Sun 



A new value leader has emerged from the personal 
computer field. And that leader is Swan. Fast, powerful 
and expandable. Swan’s computer products are out¬ 
standing performers. But performance alone isn’t what 
makes Swan computers the value-leaders, there’s also 
Swan's attractive pricing and impressive customer 
support services. Here are a few more reasons why 
Swan is flying rings around the competition: 

• Full 1-Year Warranty 

• 30-Day Satisfaction Guarantee' 

• Fast, Insured Delivery 

• Toll-free Technical Support 
Sorbus® On-Site Service Option 

Order Now TolTFree 

1-800-468-9044 

FAX; 814'237-4450 • Inlemalional; 814-234^2236 


TUSSEY COMPUTER PRODUCTS 

3075 RESEARCH DRIVE * STATE COLLEGE. PA • 16 801 

Circle 334 on Reader Service Card 


' Itcins. retumeci musl be as-new. withoul nuxlilicstEnit or damage. 
ScFTTy .. Bbipping upgrtdv Ivraan: ncM nrfimdahle. 

SO-Hlay Guaiantee applies to 5(w^n-bTiarid products nnly. 
























































































^ VVeVe gathered the best 


Take your pick from a flock of other quality 
brand name computer products offered by 
Swan. When you shop Swan, you'll enjoy 
unbeatable prices, plus youll get the benefit of 
dealing with a leader in customer satisfaction. 
Here are just a few reasons why: 

• We won't charge your credit card until your 
order is shipped. 

• Orders received before 4 PM EST will be 
shipped same day ... and each order is insured 
at no cost to you! 

• We'U be here after the sale to help you in any 
way we can, to answer any questions you 
might have. 

• Software orders over 
$100 and accessories 
under 6 pounds will be 
shipped Federal Express. 



PRINTERS 



1180 (192 cp5, BO mi, 9^pin> . $ 179 

1191 {240cps, col. y.pln) ... SCjII 

IIZ4 fill ctil. 24-pin>..SCall 

159S illOcp*, 132 Col, 9-pinl.$449 

1524 (240t}iw. 132 cuL .$569 

1624 f|92£ps, 132 col, 24-piii> $Ca1t 

445{1 nippm laser pruiterl_$1375 



NX-iooori -$Call 

NX lOOD Rainbow 

( r44e^i^i, SO tel. fl.pin) . $229 

NX-15 []2jrk.’p!i, Lia cqI, 9-pin) .. $349 

NX-2400 (ITntpiiv 110 col, 24-pin) $CaiI 


LASER PRINTERS 



.-$1375 


HEWLETT 
KKl PACKARD 

La^rjjft Series 11 

• appm/5l2K ... $1749 

LaserJet Senes LTD... $Call 

IjserJei IIP---™««„$CaD 



MONITORS 
— nx Monochrome — 

Magnavox 7623 Amber ..$99 


‘ Multisync ■ 


-VGA 


Arndekm.. 


LX-810 q;i«, so n>L 9-pin) ,$189 

FX-SSO (2£i4cpfi, Ml cnL ^-pinl_$Cal 1 

FX-10SO [264cps 132 cul, V-pn I . for 

LQ-SIO OBOtps. BO Eul, 24-ptn).BeSl 

LQ^5(J l264cp&, Hu col. 24-pLn) Pficc 
LQ-950 1 iO cul. 24'pEn} an 

LQ-IOSD 132 cat, 24-pin) - Epson 

LQ-2SS0 l4(Kkps, 132 n>i24-pin> Printers 


Itntw 1453 Q ... 

Ma^navox 7749 (Grey Scale) . 
Magiiavox9062__ 


PC ADD ON BOARDS 


Telecicuuiector . 


OKjOOA 

320 (300 ct», so cni, 4-p3n| $339 

172 (Ion cps. HO cut. ^-pin) . $CaJ I 

182 Ttirbft (230 cpsv KU o4,9-piti) $CaJ I 

183 02lk-pfi. 1.32 col. V-pin)__$199 

321 (300i:p, 132 cni. 9pinJ.$469 

3flfflnfHlcpfstt0c«|,24-p»n) . $Call 

390 (ZTOeps, HO cat, 24-pin] ...$469 

391 !27Cltp!«, I32cal24-pin) $659 

393 t45ncpsi, 132 col 24-pin} -. 

#crnzEN 

120D (1211 cpfi/9.pm). - $159 

180D USOeps. 80 col. 9-pin) ........ $179 

Kodak 

Diconix 150^ (180cps„80 coJ) ..,..$345 
Diconix 300 (300cps, BO cul)....... $399 

ma HEWLETT 
mSEM PACKARD 

DeskJet (240cps, 80 oal)..... $599 

Dcskjet Plus {240cp5, BO col) .. .-$CaU 
PaintJet (167qDS, 80 col).. $1M9 



8087 

Ull^ 

$K4 

8087-1 


__$159 

8087-2. 


...... $119 

80287 


...... $129 

80287-8.. 


,$189 

80287-10 


$214 

80387SX . 


.$297 

80387-16. 


_.$339 

80387-20 


... .$379 

80387-25. 


$479 

8(1387-13 


.$Call 

AboveBoard Hus__ 

.$399 

AboveBoard Plus I/O. 

.$449 

Connectitm Cn-procusstir 

SCall 

JnB^ianl 386/IC .. 

. .$589 

Call for Daughtetboard Pnertr^ 



Siuan 


TCOinOIOGIEI 


VIDEO CARDS 
-EGA- 


FLOPPY DRIVES 


Packard Bell wiih UU/swivel 
Amber or Green ........................... $99 

Samsung 14” Mono Flat.$139 

Swan MonochTDine SW52S $89 

-RGB/CGA- 


Magnayox 8762.$249 

Magna vox 8515. $289 

Sain^ung SC452C .. $219 

Swan RGB ............._................... $2t9 

-EGA- 


ATI 

EGA Wonder 80CN-.......... $199 

Paradise 

Autoswiich 4B0......„.$t69 

Swan 

EGA Cara____.$149 


Mitsubishi 

3.5M72010 


3.5''(1.44MB) 

Roctec 


5.25“ {360K) .... 
525“ (1.2MB) 
Sony 
3.5“ (72DK) 


VGA 


Imlec 1453 .... ....,.......$349 

Magna vox 9053 .$359 

Packard Bell 1431 .$349 


lmt«: 14.55N MuJti.....$439 

Mitsubishi Diamond Scan ...._$499 

NEC Multisync 3-014’.$679 

NEC Multisync4-D/5-D_...SCall 

NEC Multisync Hus.SCall 

Swan Mulliscan.$429 

Sony 1304 „.„.......................™„S699 


AD 

VGA Wonder (256K>. $299 

VGA Wonder (512K>. $359 

Orchid 

Pro Designer VGA.$279 

Pro Designer VGA +..$369 

Paradise 

VGA +. -,$219 


VGA Professional . .,.$349 

VGA ^16. $269 

Swari 

VGA Card (Sr^bit)..$179 

VGA Card (16-bit)...$Call 

Video 7 



3.5" (1.44MB)... 
Tear 
5.25" (360K) 
5.25" (1.2MB) 


PC HARD DRIVE 


...$429 

VFCA vr.A 

$249 


..,$349 

Fast Write VGA... 

.$319 


...$129 

VRAM VGA 

$469 

KL320 20MB (40 ms) $2T9/$2 

...$429 



KU30 32MB (40 ms) ...$249/$2 

seal) 

MISC, 




Swan 

Swiichable (Mono/CGAJ . 


. 


’‘I III |lk_JV>l IL^W 


Boca 

RAM Card XT or AT....$Cail 

1/Oi-aid XT or AT..$79 

Micron 

RAM CaTd(MB-28-Dri) 
populated w/2MB RAM „....—..$699 

TOPS 

TOPS/DOS Zl $119 

Flashcard ......___. $169 

Net Print .-..$119 


TOSHIBA 

LAPTOPS 


TlZOOJIBilOMH/). $1969 

TiatXl fl2MHz/2DWB).$3259 

T3100e(l2M)lz/a3MB]. $2749 

Cali for otktr Toskiita moittts 


8438 30 MB (68 ms).$ 

3650 40 MB (61 ms) .... 

3053 40MB (25 m,s) ... 


Seagate 




DISKS 


BONUS 

DS/DD 

3.5!: 

5,25" 

$6,95 

MAXELL 

DS/DD 

$19.95 

$9.95 

VERBATIM DS/DD 

$19,95 

$9,95 

SOhfY 

DS/DD 

$19.95 

$10.9.5 


ST-225 20MB (65 ms).. S219/$2 

ST-23B 30MB (65 ms) $249/$ 

ST-12S 20MB (40 ms)_$249/3 

ST-t51 40MB (24 ms).. 

ST-157R 48MB (28 ms) .. 

ST-25l-l40MB£28ms). 

ST-4096 BOMB (28 ms). -. 


Fmprimis 


80MB (28 ms) ...... 


Call For Pricing on 
Memory Chips! 


150MB ESDI (16,-5 m-s)$1299/$! 

Price - includes cables, coittn 
aitd mounting scnnvs. 



KX-P1124.$CaI 

• ]92cpsDr3ft/6,Tcps NLQ 

• Push/pull Iractor feed 

• Multiple paper paths 

• Paper parking 

• 6K buffer standard/ 

32K optional 


C^ Today & Ask For Our Free Catali 

Order Now Toll-Free 

1-800-468-9044 


a divisioft of 


Open: Sa.m.-llp.m. M-F, 10a=m.^pjn.Sall2p-m.'-Sp.in.Sun 


acp 


FAX: 814-237-4450 • InternationaJ: 814-234-2236 


TUSSEY COMPUTER PRODUCTS 

3075 flESEARCH DRIVE • STATE COLLEGE. PA * 16801 

































































































































































values under our wing, 



SOFTWARE 


MERICAN 

sign CAD3.0/3'D. $155/S209 

5HTON-TATE 

>ase in+ ........ SCall 

^iselV . S459 

EDFORD 

^grated Acccuntmg ... ,.....$159 

,OC PUBLISHING 

rwnal Lawyer . ..S39 

pdrop .. S34 

rnifijiH-. SS5 

rmlooj .. S5S 

DRLAND 

adox 3.0 .. $449 

attro. $Call 

rboC20 .. $107 

rbo C Professional... S1S9 

rbo Pascal 5.5. $99 

rbo Pascal ProfcMioiia].$169 

ODERBUND 

nl Shop/Companion.$34/537 

NTRAL POINT 

pyB PC... %11 

uxe Option Board . $109 

Tools Deluxe 5.5 .........S79 

MPUTER ASSOCIATES 

ercalc5 . $Cal] 

REL 

el Draw l.l .. $Call 

OSSTALK 

■ssTalk for Windows..$Call 

lC software 

! Bonus Pack 4.0 .................... SCall 

: Easy Accounting 4.0.SCall 

: &iay Payroll 4.0.. SCall 

id 3-D. $69 

Call far Pricing an Tutors 

LRINA 

form _ SCall 


LASERGO 

GoSciipt/Gf£cript+ ..$125/$239 

LOGITECH 


Finesse.... 

LOTUS 

Agenda ..... 

... $89 

.$269 

123v2.2/3,0. 

....$Call 

Symphony........ 

..$439 

MERIDIAN 


Carbon Copy Plus 

.. $112 

MICROGRAFIX 


Designer.... 

..$CaII 

Draw+... 

.$Call 

Graph + .. 

....... $Call 

MICROSOFT 


Excel 

.„$Call 

Flight Simulator 3.D ... 


M^DOS&GW BASIC. 

..$CaU 

QuickBASIC...... 

.$67 

Quick C....... 

.$67 

Quick Pascal ..-... 

.$Call 

Windows 2fi6/386 . 

..$64fSl29 

Word 5.0 ..... 

.$Call 

Works .. 

<9i| 

PETER NORTON 


Norton Advanced Utilities 

.$S7 

QUARTERDECK 


DE5QView2.2/3S6 .... ...„ 

$79/5119 

QEMM. 

..$39 

REFERENCE SOFTWARE 

Grammatik HI... 

.$54 


GENERATION 

iback Plus. ,$104 

bfise+/3S6....$199/5299 

NK 

ways for 123/SyTnphony .$i89^9 
oways.. $42 

[NERIC SOFTW ARE 

K>nc CADD Level 3.$169 

TUIT 

icken 3.0 ... $37 


SAMNA 

Ami/ Ami Pro .., . . $129/$Call 

SOFTWARE PUBLISHING 

First Publisher ..... ..$79 

I larvaid Graphics .. SCall 

PFS Firsi CEoicc 3.0_ $89 

PF5 Professional Write.......,.$135 

SYMANTEC 

Q& A.,.. .........$209 

Timeline 3.0.. ,...$359 


THREE D GRAPHICS 


Perspective Junior................... 

WORD PERFECT 

Library.. 

Word Perfect 5.0 ..................... 

.$99 

.$69 

...5219 

WORDSTAR 

Wordstar Professional v 5.5 ... 

....$199 

Wotd.5tar v 5.5 Upgrade .. 

..$OII 

XEROX 

Ventura Publisher 2.0 ... 

..SCall 


] 


etc Interna)/External .$159/$!99 

yes Smart Modem 
)bd Interna I/Externa I .$259^289 
) bd Internal / External $Can 

ictical Peripherals 

) bd Internal/External .$149/$199 
) bd MNPlnL/Ext.$IS9/S2l09 

an Technologies 

Ibd Internal/External „„.$69/$89 

> bd Iniemal/External ...S99/$149 


IMSI 

Serial Mouse... $59 

Opti Mou:!»e w/Dr. Halo III $72 

Microsoft 

Mouse... ....$109 

Mou^ with Windows ..$139 

Logitech 

Bus Moose (320 dpi).. $75 

Serial Mouse (330 dpi).$69 

with Paint add . $10 

ScanMan.. $185 




Swan... for Quality, 
Selection and Price. 


Every Swan-brand product is a solid, reliable performer that's 
priced to fly — and built so that it won't let you down. But we 
realize 'Value" can't be measured in terms of price and reliability 
alone. Quality, selection and service are important That's why 
we provide a wide variety of quality products and unsurpassed 
customer service — now that's real value. And here’s more: 

• 30-Day satisfaction guarantee • Full one-year warranty 

• Toll-free ordering & technical support • Fast, sure delivery 



Swan Modems 

Make the world your partner. With the Swan 
Modem, you'll be able to communicate with 
other PCs and information services around 
the world through your pulse or touch tone 
phone. You'll tap into a world of data and 
broaden your horisions. Every Swan Modem 
comes complete witli communication soft¬ 
ware and full documentation, 

» Hayes*compatible • Auto answer/dial 
* Include PC Talk 111 software 

2400 bd internal* . ... . . «.$99 

1200 bd internal .. . $69 

2400 bd extemaU,,,.$149 
1200 bd extemaL».»»... .»„» $89 

' Bit Ctfm v 3.5 ^oftwurt 


Swan Video Cards 

Different people have different uses for their 
PC's ... from everyday uses like word proc¬ 
essing and spreadsheets to today's more 
demanding applications, such as desktop 
pubUshing and presentation graphics. A 
Swan video card can help you better meet 
your needs today .,. or help you ride the wave 
of technology into tomorrow. 

Switchable Card ■Hercules* to CCA 

* Parallel Port $69 

EGA Card ■ EGA/CGA/TTL 

* 640 K 480 Resolution ... $149 

VGA Card • Register-level compatible 

■ 256K RAM ■ 17 VGA Modes 

8-bit VGA/16-bit VGA . $179/$Cail 



Swan Tape Backups 

Protect that nest of important data stored on 
your hard drive. Swan Tape Backups store 
40MB on a single tape cartridge ... reliably, 
conveniently and economically. 

40MB XT or AT Intemal ...,.........$299 

40MB XT or AT External...$399 

Swan Keyboards 
101 Key Touch & Click/Silent ..*...$79 
84 Key Touch & Click.... $69 


Swan Monitors 

Swan offers you the choice of either our 
economical TTL monochrome or the profes- 
sional, high resolution mulhscan monitor. 
Swan TTL Monochrome • 12” etched 
anti-glare screen • 720 x 350 resolution 

• Till/swivel base .$89 

Swan Multiscan • 14" anti-glare screen 

• Compatible with Mono, CGA, EGA, VGA 

• 800 X 600 resolution •.31 dot pitch • Both 
Analog & digital inputs ■ Auto Screen siz¬ 
ing & centering • Till/Swivel base .....$4Z9 


To order No surcharge on Discover, Visa, MasterCard or AMEX, 
■ Your cmUl rand is noi charged until your order is shipped. 
Shipping: 3% or $5 minimum for UPS Ground. Call for shipping 
charges on Express Air, AI*0, FFO, AK, HI and all foreign oiders. 

• If part of your order is backordered, the remainder will be 
shipped UPS Ground. • Allow 2 weeks for personal and company 
checks to dear. • ALL SALES (except Swan products) ARE FINAL 

• Defeetive items replaced or repaired at our discretion. ■ PA 
deliveries add 6% safes tax. ■ Prices and terms subject to change 
without notice. 


Circle 335 an Reader Servke Card 


Order Now Toll-Free __ 

I -Rnfl-A^R-QDAA tussey computer produces 

^ K/ XX 30 7 5 fitSEAftCH DRIVE STATE COLLEBE. PA * 16601 





































































































































IN DEPTH 


Sound and 

Image 

Processing 



243 Sounds and Images: 
Sounds 

by Gene Smarte 

Images 

by Walt Penney 


259 Putting DSPs to Work 

by Bol^y Saffari 


211 Beyond Pattern Recognition 

by Raymond Kurzweil 


293 Changing Perceptions of Reality 

by Benjamin M, Dawson 


309 Pepperoni and Paperwork 
by Ira Scherr 


320 Words and Pictures 


F rom the sound-and-light specta¬ 
cles in Che Roman Forum to the 
latest Indiana Jones adventure, 
sounds and images just seem to 
go together. Sound adds emotion to sim¬ 
ple images, and images create a frame of 
reference for sound. 

You could argue that true art stands 
alone and that fine music lets your spirit 
soar on its own journey. Both of these 
statements are true, but in our normal 
everyday lives, those of us who can will 
usually choose to combine the two. How 
many of us choose silent movies over 
those with sound as a regular diet? 

A while ago, I heard a radio playing 
some lovely harpsicord music, I went ex¬ 
ploring. What I found surprised me. 
What I had heard wasn't a radio at all—it 
was the NeXT machine. I really couldn't 
tell the difference. But I found out what 
the difference was—a digital signal pro¬ 
cessor. The NeXT machine has a DSP 
built in for sound processing. 

Times have changed. No more stilted 
mechanical-sounding output. Until re¬ 
cently, sound and image processing in¬ 
volved very different technologies. Now, 
DSPs have become the unifying factor 
between the two. Both can use DSPs to 
improve output quality. 

The first article in this In Depth sec¬ 
tion, “Sounds and Images,*' is a series 
article that provides the “big picture*’ for 
both sound and image processing and es¬ 
tablishes their relationship to DSPs, The 
first section, “Sounds” by Gene Smarte, 
discusses both voice recognition and 
music. The second part, “Images” by 
Walt Penney, looks at what is possible in 
image processing on a niicrocomputer. 


Next, Bobby Saffari goes into more 
detail about DSPs in “Putting DSPs to 
Work,” He explores floating-point appli- 
cation-specific-IC DSPs, what they do, 
how they do it, and their relationship to— 
and uses in—both sound and image 
processing. 

Then, in “Beyond Pattern Recogni¬ 
tion,” Raymond Kurzweil looks at ad¬ 
vances in voice-recognition technology. 
He shows how voice-to-text systems rely 
at least as much on knowledge engineer¬ 
ing as they do on voice recognition. 

In “Changing Perceptions of Reality,” 
Benjamin M. Dawson examines image 
editing. He provides descriptions, for¬ 
mulas, and in some cases code fragments 
for various image-editing techniques. 

Finally, in “Pepperoni and Paper¬ 
work," Ira Scherr ties it all together. He 
describes a voice-activated document- 
delivery system that starts with a tele¬ 
phone call and ends with a fax printing 
out on your desk. From voice recognition 
to document image processing, this arti¬ 
cle brings home the practical applications 
that are possible when you combine 
sound and image processing. 

Few of us are likely to work on the next 
chapter in the Star Wars saga, but we can 
find practical uses, as well as some fun 
ones, for various aspects of sound and 
image processing. Image processing as 
an industry is taking off. And with DSPs 
coming into their own, can sound pro¬ 
cessing be far behind? The uses and com¬ 
binations of the two are virtually limit¬ 
less—from science fiction to business 
fact. 

—Jane Morrill Tazelaar 
Senior Technical Editor, In Depth 
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IN DEPTH 

SOUND AND IMAGE PROCESSING 


Sounds 
and Images 

From music to medicine, from voice to video, 
sound and image processing are now real on microcomputers 



T he elusive dream of 
AI, something that 
has yet to material¬ 
ize in a substantial 
form, is an ongoing quest for 
both software and hardware 
designers. But some of our 
five primary senses have been 
replicated with mixed results. 

For some specialized tasks, 
mechanized sight, hearing, 
and speech have emerged at 
levels that are competitive 
with, and sometimes beyond, 
those of flesh and blood. For 
most other kinds of tasks, 
however, these computer- 
based senses” are still woe¬ 
fully inadequate. 

Computer-based image en¬ 
hancement and manipulation 
are commonplace, enabling 
us to “see” and record things 
impossible to see with our 
eyes. We can look across a 
galaxy with the aid of charge- 
coupled devices or electroni¬ 
cally delve into the human body via com¬ 
puter-aided tomography. Yet a computer- 
based machine can have trouble picking 
out a monkey wrench on a workbench if 
the wrench's shape differs slightly from 
that of the one used to train the system. 
Computer-based sound processing 
ranges from automating repetitive mes¬ 
sages to giving voices to the verbally dis¬ 
abled. Symphony orchestras can now re¬ 


side on silicon chips. Electronic music 
capabilities have opened doors so that 
nearly anyone with an interest in music 
can become more deeply involved in its 
creation and production than ever before. 

Voyager’s August flyby of Neptune 
yielded megabyte after megabyte of digi- 
dzed photo data. Through noise-cancel¬ 
ing techniques, the addition of false 
color, and other enhancements, intimate 


details of Neptune began to 
emerge. While the computers 
used at the Jet Propulsion 
Laboratory generally are not 
what most of us have on our 
desks now, a similar degree 
of image-processing power 
awaits us in the near future. 

A more down-to-earth ex¬ 
ample of image processing in 
everyday activities is shown 
in a legal case involving a dis¬ 
puted claim as to the safety of 
a rifle's firing mechanism. 
Evidence submitted included 
a carefully crafted, precisely 
scaled, videotape version of 
the rifle's firing mechanism 
in action. The mechanism in 
question had tolerances in the 
range of thousandths of an 
inch, and, hence, the CAD- 
constructed video presenta¬ 
tion had to maintain these 
tolerances as the operating 
image was enlarged to show 
details. The court found that 
this sort of presentation provided a way 
of displaying the operation of an intricate 
mechanism to a nonexpert jury while 
still satisfying the expert witnesses. 

Digital Signal Processing 
A very important trend in the manipula¬ 
tion of image and sound information is 
the emergence of digital signal processor 
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MOTOROLA DSP56001 BLOCK DIAGRAM 



Figure 1: This digital signal processor chip uses a 24-bit data path and operates at 20 MHz to provide lO-milUon-instruction- 
per-second performance. (Courtesy of Motorola, Inc.) 


(DSP) chips from such companies as 
AT&T, Fujitsu Microelectrcmics, Motor¬ 
ola, Texas Instruments, and NEC. You 
can think of them as siblings of the older 
and more specialized math coprocessor 
chips that are becoming more and more 
commonplace. 

Now, for example, instead of off-load¬ 
ing only the math-related computation¬ 
intensive parts of a program, you can call 
on a DSP to massage data while the host 
processor executes other less-specialized 
tasks. Companies use DSPs for projects 
such as real-time data filtering, speech 
synthesis and voice recognition, and 
image and graphics processing. The 
NeXT computer includes an on-board 
DSP; this might be the beginning of a 
trend toward flexible and powerful on¬ 
board signal processing. 

While many differences exist among 
the various manufacturers' DSPs, more 
characteristics are common than differ¬ 
ent. For example, in addition to some 


sort of on-board arithmetic processing, 
they all contain some internal processor 
control and an interface to the host. Most 
DSPs have a full-blown instruction set 
with lots of complicated math and usu¬ 
ally some functions unique to each chip. 
Some have C compilers. 

As an example, take a look at a block 
diagram of Motorola's DSP56001 chip, 
shown in figure 1. Motorola specifies 
this 88-pin high-speed CMOS device as a 

nosp 

massages data while the 
host processor executes 
less-specialized tasks. 


“56-bit general-purpose digital signal 
processor." Running at 20 MHz, it's ca¬ 
pable of operating at over 10 million in¬ 
structions per second with 24-bit data. 
Main sections of the chip are the pro¬ 
gram controller, data ALU, x and y 
memories, and interface connections. Its 
dual -memory conf ig u ration s impli fies 
addressing x and y data for graphics, data 
and coefficients for transformations and 
filtering, and real and imaginary num¬ 
bers for arithmetic functions. 

Needless to say, this chip is powerful. 
Motorola provides two examples: It can 
do real-time stereo, 10 bands per chan¬ 
nel (20 bands total), graphic equalization 
processing 88,200 16-bit samples per 
second via port C; and in about 3.5 milli¬ 
seconds, it can do a 1024-poiiit complex 
fast Fourier transform. Many approach¬ 
es are possible with these chips. Some 
companies use a host processor just to in¬ 
terface with the user while the DSP 
crunches data. Others use the DSPs as 
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preprocessors»passing filtered data on to 
the host processor and its applications 
software. 

From Analc^ to Digital 

Most musical sounds, voices, film, and 
video camera outputs occur in analog 
forms. But we need to get them into digi¬ 
tal forms so we can turn the DSPs loose 
on them. Once the DSPs are finished, we 
must then transform these digital forms 
back to their analog representations for 
the sake of our ears and eyes. This pro¬ 
cess of converting data forms enables us 
to use DSPs, compact disks (CDs), and 
other digital schemes difficult or impos¬ 
sible in the analog world. 

Fundamentally, when we convert an 
analog signal to a digital one, we sample, 
as often and with as much precision as 
possible, the signal in question. Let's 
take an audio waveform as an example. 
Figure 2a shows an analog waveform, 
figure 2b shows the waveform's ampli¬ 
tudes being measured at discrete inter¬ 
vals, and figure 2c shows the resultant 
values stored as digital “samples” of the 
original. If the sampling is too coarse 
(i.c., too infrequent) or if the amplitude 
sensitivity is not available in sufficiently 
small gradations, the digital representa¬ 
tion of the waveform will suffer. 

Nyquist's theorem states that sam¬ 
pling must occur at twice the frequency 
of the highest waveform present to main¬ 
tain desirable fidelity. The typical CD 
takes samples using 16-bit resolution at 
44.1 kHz, which is more than twice the 
upper limit of human hearing. 

—Gene Smarte 
Special Projects Editor 


ANALOG SOUND WAVEFORM 




Figure 2: (a) Original sample waveform; (b) waveform with lines indicating samples 
taken at specific times and at specific a?nplitudes; (c) waveform reconstructed using 
digital samples from (b). How often and precisely the samples are taken affects 
wav^orm fidelity. 


Sounds 

Be it voice recognition or music synthesis, sound processing has 
joined the ranks of microcomputer applications 


Gene Smarte 


W hether it is produced by a 
violin, an electronic key¬ 
board, a human voice, a 
rocket motor, or a tree fall¬ 
ing in the woods, sound for us is some¬ 
thing we hear. For this discussion, lei's 
define it as the transmission of mechani¬ 


cal energy through the air to our ears via 
vibrating waves of air. The human ear 
can usually detect frequencies in the 20- 
to 20,000-H2 (cycles per second) range. 

Most sounds that we hear consist of 
some fundamental frequency, along 
with harmonics (multiples of the funda¬ 


mental frequency) that give that sound its 
identifiable characteristics. If you've 
ever listened to the pure sound of a sine 
wave from an audio oscillator (see figure 
la), then you have a good idea of what 
tone without harmonics sounds like. It's 

continued 
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Figure 1: (a) A pure sine-wave tone. This is a graphical representation of the sound 
produced by an audio oscillaion (b) A complex waveform is more common and 
includes the harmonics that give a sound its distinctive characteristics. 


primarily harmonics that make a flute 
sound different from a violin. 

But the “pure*^ sound of a sine wave is 
rare. Much more often, sound is the re¬ 
sult of many different waveforms in com¬ 
bination, The simple example in figure 
lb shows a fundamental tone, its second 
harmonic (twice the fundamental), and 
the resultant waveform that we hear. 

Most sound is much more complex, 
with many harmonics, subharmonics, 
and noise, compounded by attack, sus¬ 
tain, and decay curves. For an example, 
compare the start, middle, and end of a 
certain note on a violin with the sound 
produced by a xylophone sounding the 
same note. 

For human voices, our vibrating vocal 
cords produce the primary sounds, excit¬ 
ed by air driven past them. The sizes, 
shapes, and consistencies of our bodies, 
especially in chest, neck, and head, help 
make voices unique by reinforcing some 
frequencies and diminishing others. Add 
the manipulation of the throat, tongue, 
uvula, and cheeks, and there is little 
chance for two voices to be identical. 

It’s impossible to cover all the subtle¬ 
ties of sound in this article. But it’s im¬ 
portant to realize that sound processing 
can be very complicated. Imagine the 
tonal complexity of a single musical in¬ 
strument—a violin, for example. Its fun¬ 
damental sound, created by dragging 
many bow hairs across one violin string, 
is in itself ccxnplex. Add to that the reso¬ 
nances of the wood, the air within the vi¬ 
olin, and the pressure that the violinist 
exerts. 

Waveform analysis of the resultant 
tone would show a complex makeup. 
And each violin (or trumpet, or saxo¬ 
phone) is unique. Now, combine all the 
instruments of a symphony orchestra 
with the resonances of an auditorium. A 


detailed analysis of the sound would be 
quite an undertaking, yet our human 
ears can usually pick out and follow spe¬ 
cific sections and sometimes even indi¬ 
vidual instruments. 

Voice 

Years ago, companies in the voice-and- 
computei business used to declare regu¬ 
larly how we’d soon have voice-activated 
systems on every desk. But, like finger¬ 
prints, human voices are as individual as 
the bodies in which they reside, and the 
all-encompassing voice-actuated systems 
haven’t kept up with the promises. The 
computing power needed to produce 
these systems is just starting to arrive. In 
the meantime, weTl be seeing more spe¬ 
cialized systems for narrower appli¬ 
cations. 

Current voice-recognition experimen¬ 
tation encompasses four areas: speaker 
dependence versus speaker indepen¬ 
dence, and continuous speech versus dis¬ 
crete speech. Speaker dependence usu¬ 
ally confines a system to use by one 
person at a time. The system is trained to 
respond to a single person’s voice char¬ 
acteristics. Naturally, this limits the gen¬ 
eral-purpose nature of a system, but it 
can be perfectly acceptable in many situ¬ 
ations. Speaker-independent systems are 
much more complicated because you 
need considerably more analysis of the 
spoken word to identify a word from a 
variety of users’ voices. 

Discrete speech (i.e., words spoken 
with definite pauses between each one) 
makes the computer’s job easier but bur¬ 
dens the speaker. Continuous speech, 
like that used in everyday conversation, 
fits in with how humans interact but 
plays havoc with the computer system 
trying to sort out the words. 

In a panel discussion at SpeechTech 


’89 last May in New York, Ray Kurzweil 
of Kurzweil Applied Intelligence (Wal¬ 
tham, MA) said that for his company, 
true speaker-independent systems might 
be just around the corner. Kurzweil 
claimed that the company’s prototype 
systems worked beyond expectations 
and, while not as good as the best ‘‘train- 
er” systems, were better than the worst 
trainer systems. Kurzweil also said that 
processing power in the hundreds or pos¬ 
sibly thousands of millions of instruc¬ 
tions per second is needed to achieve 
continuous speech recognition. Panelist 
Jim Baker of Dragon Systems (Newton, 
MA) agreed that a tenfold increase in 
computing power is required for continu¬ 
ous speech. As you might expect, speak¬ 
er-independent, continuous-speech rec¬ 
ognition is the pot of gold at the end of the 
voice rainbow. And right now, the tech¬ 
nology is just not here. 

Bui systems with 80386s (and, short¬ 
ly, 80486s) along with lots of memory, 
digital signal processor (DSP) boards, 
and experimentation with neural net¬ 
works are bringing voice-recognition 
goals closer. Dragon Systems’ speaker- 
independent DragonDictate includes 
16,000 words and can take another 
16,000. This $9000 discrete-speech sys¬ 
tem includes a speech board, software, a 
microphone, an on-line dictionary, and 
documentation. System requirements are 
a 20- to 25-MHz AT-compatible com¬ 
puter, 0.5 to I megabyte of expanded 
RAM, 5 or more megabytes of extended 
memory, and Quarterdeck’s QEMM- 
386 memory management software. 

For continuous-speech systems, lim¬ 
ited vocabulary approaches are more 
common. For example, a very popular 
niche application is digit recognition, be¬ 
cause about 35 percent of American 
households still have rotary phones. 
Voice Processing Corp. (Cambridge, 
MA) offers an 80386-based AT-bus 
board, a Texas Instruments TMS320C25 
DSP, and I megabyte of RAM for $5500. 
The company says that the system will 
have the ability to recognize “yes,” 
“no,” and the numbers 0 through 9 over 
a telephone line. 

Future Speak 

Alex Rudnicky, a research associate at 
Carnegie Mellon University’s Speech 
Group (Pittsburgh, PA) confirmed that 
processing power is a big factor. Cur¬ 
rently, researchers at Carnegie Mellon 
are using the NeXT Computer and Sun 
and Apollo workstations as they work 
toward a speaker-independent, continu¬ 
ous-speech system that will enable near- 
normal speech interaction with a com- 
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puter. The problem to be solved will 
become the user’s focus rather than the 
interface. 

While Rudnicky believes that a ver¬ 
sion of Star Trek-type voice communica¬ 
tion with a computer is three to five years 
away, the researchers have made prog¬ 
ress. They have a spreadsheet application 
in which any user can use continuous 
speech rather than a keyboard or mouse. 
For example, instead of typing in an 
equation, you would say, “Let cell cl 
equal cell a2 plus cell bS.” 

Music 

Starting with the first Apple computers’ 
squeaks and squawks, we’ve seen an 
evolution of sound capability through the 
Atari, Amiga, IBM PC, Mac II, and 

A 

rw version 
of Star Trek-type voice 
communication with a 
computer may be three 
to five years away. 


Other systems. Coupled with the emer¬ 
gence and public acceptance of the com¬ 
pact disk (CD) standard for sound sam¬ 
pling and reproduction, we can now do 
more and more sound manipulation with 
personal computers. 

The methodology of producing elec¬ 
tronic music has changed a lot over the 
years. Synthetic music started with ana¬ 
log systems, using oscillators and modi¬ 
fiers cascaded to approximate the sounds 
of genuine instruments. Further experi¬ 
mentation yielded the “additive” ap¬ 
proach: Many discrete oscillators gener¬ 
ate harmonic frequencies separately, and 
then these outputs are added together to 
greatly improve the realism of the syn¬ 
thesized sound. While more accurate, 
additive synthesis has the disadvantages 
of being slow because of all the computa¬ 
tion and control circuitry required, and 
more costly as well. 

A whole new approach surfaced when 
an FM technique invented by John 
Chowning of Stanford University used 
one oscillator modulating another to pro¬ 
duce realistic sound quality with less 
work. This FM technique became popu¬ 
lar and attractive to synthesizer manufac¬ 


turers looking to reduce complexity'and 
increase performance. Other proprietary 
approaches, as well as combinations and 
variations on tried-and-true techniques, 
also exist. 

MIDI 

One of the most powerful and exciting 
things to develop in the music world dur¬ 
ing the last few years is MIDI. This stan¬ 
dard for hardware and software musical 
information interchange was originally 
adopted by the electronic music industry 
in 1983 and has undergone several en¬ 
hancements as the users and available 
equipment have become more sophisti¬ 
cated. Basically, it enables many differ¬ 
ent brands and types of music-related 
equipment to communicate effectively, 
much as telecommunications protocols 
facilitate networking. 

MIDI-equipped keyboards, drum syn¬ 
thesizers, personal computers with 
MIDI add-in boards, recording equip¬ 
ment, and composition and sequencing 
software share digital data that specifies 
timing, instrument type, note (frequen¬ 
cy), expression, and other related infor¬ 
mation at 31,250 bps via a common ca¬ 
bling system. 

You can also set up a master-to-slave 
relationship among equipment so you 
can play, for example, a saxq}hone note 
on one machine and have another ma¬ 
chine duplicate the note in, for instance, 
a violin sound. MIDI controllers for gui¬ 
tars and wind instruments are now avail¬ 
able, enabling artists in one area to trans¬ 
pose some of their skills and creativity to 
other “foreign” instruments, with mixed 
success. 

Tom Beckman, president of Roland- 
Corp (Los Angeles, CA; a company that 
manufactures electronic music prod¬ 
ucts), said that although there arc several 
commercial DSPs designed for sound 
manipulation, most electronic-instru¬ 
ment makers use proprietary chips be¬ 
cause each company has some variation 
or specialty that it wishes to herald. 
Manufacturers often use different tech¬ 
niques across their lines of products to 
adjust the cost-to-performance equa¬ 
tions, using lower fidelity, less compli¬ 
cated synthesized sounds in less expen¬ 
sive equipment, and sampling sounds for 
their top-of-the-line products as faithful¬ 
ly as possible, under conditions that are 
as ideal as possible. 

At first glance, you might assume that 
sampling and digitizing a bona fide in¬ 
strument such as a Steinway grand piano 
for use in electronic keyboards can’t be 
improved upon. After all, sampling and 
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playing back at a CD rate can yield excel¬ 
lent fidelity. 

The problem is that when the Steinway 
sound is sampled, however faithfully, it 
is sampled under specific conditions. 
The human pianist strikes a key at a cer¬ 
tain speed and with a certain velocity. 
That specific piano under those specific 
conditions is recorded and appears when¬ 
ever the electronic Steinway is p%ed. 
The electronic piano loses much of the 
mechanical piano’s expression capability 
despite the keyboard sophistication and 
software of some synthesizers that let you 
manipulate the sampled sounds. 

Beckman concluded that the future of 
electronic music holds a great deal of 
promise. Roland is experimenting with 
voice recognition for possible use by mu¬ 
sicians as they perform. Instead of typing 
commands, flipping switches, or swap¬ 


ping disks, a spoken command would 
initiate a predetermined series of events 
to prepare the electronics for the next 
setup. 

One problem does come to mind: Sup¬ 
pose the performer’s command word is 
contained in lyrics to a song. The first 
time the word is sung, the bank of elec¬ 
tronics would switch to an entirely new 
setup with disastrous results. The old ad¬ 
age of choosing your words carefully 
would have special meaning here. 
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Images 

Microprocessor-based image processing reduces system cost, 
but how do you improve performance? 


Walt Penney 


D igital image processing con¬ 
cerns the input, enhancement, 
statistical analysis, and output 
of gray-scale and color-image 
data. Such data is generated by the sens¬ 
ing of a real-world object, whether it be a 
scanned image of an x-ray or an image of 
Neptune transmitted by the Voyager sat¬ 
ellite. In a typical application, the ob¬ 
jects of images actually exist; the sensing 
of the image object creates the image 
data. (For an example of the difference 
image processing can make in an image, 
see photo 1.) 

Images are typically two-dimensional 
representations of objects—essentially a 
digital photograph. (There are imaging 
applications, such as volumetric recon¬ 
struction of magnetic resonance imaging 
[MRl] data, where im^e data is three- 
dimensional, but you can consider a two- 
dimensional image to be a cut or slice 
across such an image.) 

Image-processing functions operate 
on the individual pixels (or data ele¬ 
ments) of the image data array. In con¬ 
trast, in the field of rendering as applied 


10 CAD, mechanical engineering, and 
other applications, a set of drawing com¬ 
mands and attributes generates the image 
data. In other words, digital imaging 
functions can operate directly on raster 
image data, while CAD or draw-type 
functions render a synthetic raster image 
from an image description. 

Unique Characteristics 
Digital images tend to be very large. Un¬ 
like CAD drawings or desktop-publish¬ 
ing pages, where data can be represented 
as a display list, as a metafile, or in a 
page-description language, images can 
only be described by their pixel data. At 
8 bits per pixel (256 shades of gray—a 
standard pixel resolution), a 1024-by- 
1024-pixel image takes 1 megabyte of 
storage. A true color image (24 bits per 
pixel—8 bits each of red, green, and 
blue) of the same size requires 3 mega¬ 
bytes of storage. 

One key to improving image-process¬ 
ing performance is the availability of 
high-bandwidth pathways to move image 
data between processing components. In 


a typical scenario, image data resident in 
a frame buffer is moved into host mem¬ 
ory for processing and then moved back 
into the frame buffer for display. The 
speed of this transfer may have a greater 
effect on perceived operational perfor¬ 
mance than on the actual speed of the im¬ 
aging operation itself. 

Image-processing functions tend to 
fall into two categories: point and neigh¬ 
borhood operations. Point operators per¬ 
form on individual image-pixel data, 
while neighborhood operators work on 
connected groups of pixels. In either 
case, applying an operation to an image 
or a region of interest of an image in¬ 
volves executing the same function re¬ 
peatedly for each pixel involved. 

This type of processing lends itself 
well to three different approaches for im¬ 
proving performance. First, optimizing 
the lowest-level processing routines, 
which are called repeatedly on a pixel- 
by-pixel basis, will significantly boost 
processing speed. Second, special-pur¬ 
pose accelerators that perform a few 

cominued 
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Sky-high benchmarks but Ground'■Level 
prices come from Eltech's firm commit¬ 
ment to manufacture high-qualityi cost- 
compietitive computer systems. Since 
I985j we've l>een providing affordable 
XTs^ 286s, and 386s as well as the liigh- 
levcl technical support youVe come to 
expect. Plus, our performance has caught 
the eye of MIPS and Info World review- 
ers. 

The Eltcch Model 9970/9870...one small 
step for your budget, one giant leap in 



Ehech Model 9970.....*$5485 

33MHz 386 with 641C SRAM write back 
Cache (Optional 256K Cache available) ^ 
comes with 4MB expandable to SMB 
(16MB with 32'bit memory board), 

150MB 16ms EDSI drive, VGA Adapter 
with 14” Multhfrequency Monitor, 

Support 80387 / Weitek 3167, 83 MIPS 
Performance Rating. 

Ehech Model 9870*...$4365 

25MH2 386 System same features as 
Model 9970, 6.2 MIPS Performance 
Rating, FCC class B Approved. 

Ehech Model 2160.$2250 

l6MHz 386SX zero wait state with IMB 
on board expandable to SMB, support 
80387SX Math Coprocessor, 40MB 28ms 
Hard Disk, VGA Adapter with 14” Multi- 
frequency Monitor, FCC class B Approved 


ALL SYSTEM INCLUDE INTEL 
NEXT DAY ON-SITB SERVICE, 
Microsoft COS 4.01 and two serial and one 
parallel as standard. 


Welcome for VAR 

Dealers Quantity Discount Available 

Sales: (408) 942-0990 
(408) 945-6383 

Teeh Support; (408) 942-1067 
Canadian Office: (604) 275-1119 
(Topower International Systems) 



LTECH J?ESEAJ?CH INC. 


1725 McCandles Drive, Milpltss, CA 95035 


Eltech Research Inc*Topower, VGA , MIPS, InfoWinrldfXT. 
Weitek, Microsoft and DOS are registered tradcmnrks of their 
rrapccHvc cntnppnJes. PhtJlo's cmifi-ciiiis tjf RIX S{jfrwc}rk&H Inc, 
Irvine, CA 714-476^266 EIT ADJ V LO 1CV89 
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Photo 1: Improvements wrought by image processing. Left: An original image of the 
moon at 512- by 480-pb^l (8 bits per pixel) resolution, shot through a telescope. 
Right: The result of processing the image by first performing a histogram equalization, 
remapping the equalized data to frame-buffer memory through the generated lookup 
table, and performing a 3- by 3-pixel high-pass convolution on the entire image. 


functions very fast can generate near- 
real-time performance. And third, par¬ 
allel-processing techniques, where mul¬ 
tiple processors act independently but in 
parallel on strips of image data, work 
well for imaging functions. (Various 
hardware possibilities for improving per¬ 
formance are discussed in the text box 
"Hardware Solutions’" on page 252.) 

Input, Process, Output 

The input phase consists of bringing 
image data into the image-processing 
system. Input sources include video digi¬ 
tization, an optical scanner, other digi¬ 
tal-sensor output (such as LANDSAT 
data), the output of an image rendering, 
or image data residing in a file. You can 
also use nonimage data (such as object 
attributes) as inputs into the system to 
identify objects within an image through 
pattern matching. 

*The processing phase assumes that 
image data resides within a frame buf¬ 
fer, A frame buffer is typically coupled 
with a video display processor, but you 
can also have a virtual frame buffer, 
which exists in memory independently of 
a display. The virtual concept becomes 


very important when managing images 
larger than standard displays, (Various 
software possibilities for improving per¬ 
formance are discussed in the text box 
"Software Solutions" on page 254,) 

The output of an image-processing 


function can be the image data itself. 
The output can be solely the display of 
the image, saving the image data to a 
file, or generating a hard copy of the 
image using a printer or film recorder, 

conimued 


“What’s your Problem?!! 




Find Out Quickly & Easily with 
Checkfc/It® PC Diagnostic Software 
from TbuchStone 

You’ve spent hundreds of dollars on the latest PC equipment, installed the 
best software, learned to tell the difference between your modem and your 
mouse .. then something goes wrong. And ^ur local dealer can’t help you 
unless you pack up your system and take it down to the shop. 

You may waste a lot of time and money before you find out if your PC even 
SEEDS repair. If any of this sounds familiar, you need Check^lt from 
TbuchStone Software Corporation. 

Check ✓It will run complete diagnostic tests on your PC's main system 
board, memory, video subsystem, hard and fioppy disks, senal/paiallel ports, 
k^board, and other components. Check ✓it wUl also tell you exactly what's 
installed on your PC, and rate its performance in actual throughput. And 
Check^lCs diagntstics are so thorough, when it finds a memory error it will 
•show you which RAM chip needs to be replaced! 

But don't take our word for it, people across the country are telling each other 
about Checkin .. 

’ Vheck^It is m simplistic, once-overdighUy piece ofsqpware ,,, high marks 
for its performance and capabitUm," — AUanttc Jh:h 
'‘TbuchStone Software's computer cavalry rides to your rescm in the form qf 
Check^It .. .an easy-to-use, menu-driven program/*PCMayarine. 

Call TODAY Ibr information r (800) 531-0450 or (213) 598-7748 

Call me Tm interested: circle 368 
Send literature: circle 369 

&09 Electric Avenue, Seal Beach. CA 90740 

is M. TiTtjsti^ inulrault rflfpinilijiii. All itlh« Indm^rk.', wif thfir 
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REMOVABLE ERASABLE 
OPnCAL. REMARKABLE! 



REO-650 smgMrive system 
$4,995 

REO-ISOO dual-drive system 
$9,990 

650/600 Meg optical cartridges: 
$250 each 
Interface kits for Macintosh. 
Sun.HRlBM-AT,XT,PS/2 
and compatibles: 

$995 each 


15265 Alton Parkway • Irvine, CA 92718 • In CA (714) 727-5300 • FAX (714) 727-1913 



— Micro is the world's leader in 
removable, erasable, optical storage systems for 
personal and workstation computers. 


The REO-650 is a single drive, SCSI system. The 
REO-1300 is a dual-drive system. Up to 1.3 
gigabytes of facts and figures at your fingertips! 


Each optica] cartridge holds up to 650 megabytes 
of predous memories. Graphics. CAD files. 
Databases. Images. 

You can write, erase and rewrite data... file by 
file... a million times or more. 


Interface kits give you the flexibility to use 
Pinnacle drives with the computer of your choice: 
Macintosh. Sun Microsystems. Hewlett Packard. 
IBM-AT, XT, PS/2 and compatibles. 

Software provided with each kit supports a host 
of working environments: UNIX, Xenix, Novell 
Netware 2.1, and many more. 

Removable, erasable, optical. The new standard 
in mass storage. Available now from Pinnacle 
Micro. 

Call today for the location of your sales 
representative or authorized dealer. 


0 ( 800 ) 553-7070 


Pinnacle 



THE ERASABLE OPTICAL STORAGE COMPANY™ 
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Hardware Solutions 


Host CPU 

The simplest approach to image pro¬ 
cessing is one in which the host CPU 
performs all the imaging functions. 
You can use the standard system video 
display memory or a secondary display 
adapter as the imaging frame buffer* 

In a single-tasking environment such 
as DOS^ system performance is deter¬ 
mined solely by CPU performance, bus 
bandwidth, and frame-buffer interface. 
Under a multitasking operating system 
such as Unix, task loading and avail¬ 
able system memory also affect perfor¬ 
mance. 

Historically, this approach has of¬ 
fered minimally acceptable perfor¬ 
mance at the lowest cost. However, with 
80386- and RISC-based workstations 
and buses capable of running at 33 
MHz, this solution ts more viable. 

Application Accelerators 

Application accelerators can speed up 
many different processing tasks, in¬ 
cluding image processing. The acceler¬ 
ator is usually an add-in board that pro¬ 
vides hardware assistance for certain 
functions. Accelerators typically em¬ 
ploy one of two approaches: dedicated 
logic or general purpose. 

The dedicated-logic approach in¬ 
volves placing application-specific ICs, 
digital signal processors (DSPs), prO‘ 
prietary logic, or some combination of 
technology on the accelerator board. 
The board is capable of executing a 
limited set of functions that cannot be 
modified or expanded without changing 
the hardware. Dedicated-logic accelera¬ 
tor boards that use off-the-shelf chips 
cost around $500; more sophisticated 
accelerators can range from $5000 to 
$ 12 , 000 . 

Dedicated accelerators generally pro¬ 
cess only regions of interest that are 
rectangular. They may even restrict the 
granularity of a rectangular ROI to 16- 
pixel horizontal boundaries. The appli¬ 
cations software must decide whether 
the accelerator can process the source 
ROI and, if not, perform the function 
using the host CPU, resulting in tremen¬ 
dous performance differences between 
processing rectangular and irregular- 
image ROIs. 

It often takes longer to transfer the 
image data to be processed to and from 
the accelerator than it does to do the ac¬ 
tual processing. A high-speed interface 


between the frame buffer and the accel¬ 
erator greatly enhances performance. 
Several manufacturers have adopted the 
DT Connect bus protocol from Data 
Translation (Marlborough, MA), in¬ 
cluding Mercury Computer Systems 
(Lowell, MA) and Toshiba (Irvine, 
CA), while other manufacturers, such 
as IBM, use proprietary buses for such 
interconnections. 

As an example, the operations in 
table A (the results are shown in photo 
1, right, in the main text) were per¬ 
formed using a DT2851 frame buffer, 
first alone and then in conjunction with 
the DT2858 coprocessor, which is con¬ 
nected via DT Connect. The test was 
performed on both a 6-MHz IBM AT 
and a 20-MHz Everex Step 386. 

The alternative accelerator approach 
is to use a general-purpose CPU dedi¬ 
cated to imaging. This CPU, along with 
local code and processing memory, can 
reside on a separate accelerator ^ard; 
some current implementations use the 
80860 chip from InteL Or, the CPU can 
be integrated onto the frame buffer it¬ 
self, as is typically done with Texas In¬ 
struments’ TMS34010. 

General-purpose CPUs are a double- 
edged sword for imaging solutions* 
While they provide a flexible, expand¬ 
able path for function growth, they re¬ 
quire a great deal of ch ip-level software. 
Software developers, even those in the 
driver business, are loath to make such 
a software investment in nonmain- 
siream-CPU chip-level code. To cir¬ 
cumvent this problem, chip manufac¬ 
turers provide C cross-compilers, but 
the compiler output often doesn't match 
the chip’s performance capabilities, 
sometimes to the extent of negating the 
effect of the chip altogether. 

The capabilities of a general-purpose 
CPU accelerator are completely depen¬ 
dent on the software. As a rule, the 
more processing done at the chip level, 
the higher performance the system will 
yield. An initial implementation might 
have a limited set of chip-resident imag¬ 
ing functions, while future software 
versions would transfer more of that ca¬ 
pability to the chip itself. 

Feedback Lookup Tables 
Feedback lookup tables provide a low- 
cost solution for some applications that 
require real-time processing of acquired 
video image data. You can perform any 


logical or arithmetic operation by pass¬ 
ing source image data through a trans¬ 
formation or LUT, provided that the 
size of the LUT matches the range of 
image data* In other words, if the 
source image data is 8 bits per pixel (the 
range is from 0 to 255), a 256-entry 
LUT will suffice. 

To add the value 10 to each pixel, 
simply set the value at LUT location m 
to m +10* To combine each pixel value 
with the value n using the AND opera¬ 
tor, set the value at LUT location m to m 
AND rt. Some implementations also 
support an input multiplexer, which 
will combine video input image data 
with frame-buffer data, generating 
deeper (more bits per pixel) image data. 

By passing this type of data through 
an equally deep LUT, you can perform 
arithmetic and logical operations be¬ 
tween the source image and the incom¬ 
ing video. By appropriately scaling the 
two image sources, real-time frame av¬ 
eraging can be supported. Finally, you 
can use pan and scroll registers to offset 
image data in the x and y directions dur¬ 
ing the feedback process. This can be 
used to accomplish neighborhood oper¬ 
ations such as convolutions. 

While a clever solution, feedback 
LUTs present the problem of data clip¬ 
ping. Data output from the LUT trans¬ 
formation may exceed the data band¬ 
width (in the example above, what will 
happen to input data values 246 to 255 
when added to 10?) and is usually 
clipped to maximum or minimum val¬ 
ues (in this case, 255). This loss of ac¬ 
curacy Is compounded with repeated 
passes through the feedback loop with 
the same image data—the results of 
neighborhood operations performed 
through feedback LUTs may not be 
accurate. 

Parallel Processing 
Parallel processing is really an exten¬ 
sion of the application accelerator tech¬ 
nology. By providing multiple identical 
processing paths, whether you are using 
dedicated-logic or general-purpose 
CPUs, the improved processing times 
will approach the inverse of the number 
of processors. 

The applications software must take 
the ROI of the image data to be pro¬ 
cessed, divide it into equal strips, and 
feed these strips into the processing en¬ 
gine. Better yet, the processor logic ii- 
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Circle 161 on Reader Service Card 


Table A: Notice the difference an accelerator can make in image- 
processing performance. Also notice the difference the faster computer 
makes when the host CPU does all the processing (the DT2851 alone). 
The 2858 coprocessor performed all three of the listed functions when it 
was present; when it wasn 7, the host CPU performed all three. (All 
times are in seconds.) 


IMAGE PROCESSING TIMES 



Histogram 

Remap 

3 by 3 high-pass 


equalization 

data 

convolution 

6-MHzAT 

DT2851 

20 

16 

65 

DT2851/2858 

2 

1 

3 

Everex Step 386/20 

DT2851 

5 

5 

14 

DT2851/2858 

<1 

<1 

2 


self could manage the division and rout¬ 
ing of image data to all its processors. 

Parallel processing of image data dif¬ 
fers from rendering graphical images in 
parallel. Image data takes the same 
amount of time to process regardless of 
the source data values; rendering com¬ 
plex objects takes much longer than ren¬ 
dering backgrounds. Decisions as to 
how to divide image data for parallel 
processing are much simpler, based 
solely on size. 

While parallel processing is in wide¬ 
spread use for graphics rendering, this 
is still an emerging technology for 
image processing. 

Pipeline Processing 
Another approach to image processing 
is to couple multiple processing ele¬ 
ments together in a hardware processing 
pipeline. In such an architecture, image 
data moves through various components 
or physical boards, each of which can 
perform a set of functions on the image 
data. The data throughput rate is very 
high, typically at or near video speeds, 
so an image can traverse the entire pro¬ 
cessing pipeline in one frame time (one- 
thirtieth of a second). In such a system, 
the type of boards and the order in 
which they are installed can completely 
determine the pipeline’s performance. 

The pipeline architecture differs 
from the feedback LUT approach in that 
full 16-bit data paths are supported for 
8-bit source image data, including a 16- 
bit-wide accumulator frame buffer. In 
this way, processed data is preserved at 


full accuracy, while the user manages 
clipping at the end of the process. 

At the heart of most imaging pipe¬ 
lines is an ALU. The ALU supports 
arithmetic aiKl logical operations be¬ 
tween image data and a constant or be¬ 
tween two input images, usually one op¬ 
eration each (arithmetic and logical) in 
the pipeline, and sometimes several in a 
series. 

Off-Screen Video Memory 
An image-processing architecture can 
have multiple megabytes of video mem¬ 
ory on the frame buffer (or make the ad¬ 
dition of more frame-buffer memory an 
option), of which only one frame page 
can actually be displayed. The off¬ 
screen memory can be used to store 
multiple images to speed up operations 
between two images or to store images 
larger than the display to provide quick 
pan and scroll functions. 

This memory can also be used to 
store many smaller images that make up 
an image sequence (these images are 
typically smdler than the frame dis¬ 
play). By zooming the display to make 
the image full-screen, and quickly pan¬ 
ning and scrolling around the image 
data, you can create the effect of the 
image source in motion, much like flip¬ 
ping the pages of a kinetoscope. 

To be useful, either the host CPU or a 
dedicated controller or processor board 
(if one is present) must be able to access 
this memory directly. Otherwise, it has 
no advantage over standard system 
memory. 


Rack & Desk 
PC/AT Chassis 

Integrand's new Chassis/System is not 
another IBM mechanical and electrical 
clone. An entirely fresh packaging design 
approach has been taken using modular 
construction. At present over 40 optional 
stock modules allow you to customize our 
standard chassis to nearly any requirement 
Integrand offers high quality, advanced 
design hardware along with applications 
and technical support all at prices comped- 
dve with imports. Why settle for less? 


Rack & Desk Models 


Accepts PC, XT, AT Motherboards 
and Passive Backplanes 
Doesn't Look Like IBM 
Rugged, Modular Construction 
Excellent Air Flow & Cooling 
Optional Card Cage Fan 
Designed to meet FCC 
204 Watt Supply, UL Recognized 
145W & 85W also av ailable 
Reasonably Priced 


•"^^assive 

Backplanes 


RESEARCHCORR 


Call or write for descriptive brochure and prices: 
8620 Roosevelt Ave. • Visalia, CA 93291 

209/651-1203 

TELEX 5106012830 (INTEGRAND UD) 
FAX 209/651-1353 

We accept Bank Americard/VISA and MasterCard 

IBM, PC, XT, AT Uademar1(s of InternationaJ Business Machines. 
Drives and computer boards not included. 


DECEMBER 1989 •BYTE 253 



































IN DEPTH 
SOUNDS AND IMAGES 


Software Solutions 


Virtual Frame Buffer 

The virtual frame buffer separates the 
processing functions from the physical 
display in software. This lemoves sev¬ 
eral of the limitations that the display 
hardware imposes^ such as different 
output lookup tables (LUTs) for multi¬ 
ple displayed images, handling images 
larger than the display, and managing 
multiple images of different sizes. 

In such an implementation, all image 
data is maintained and processed in 
memory—this can be virtual memory 
when dealing with Unix workstations. 
The display process is handled indepen¬ 
dently of the image processing and con¬ 
sists of transferring im^e data from the 
virtual frame buffer in memory to a 
window on the display. During this 
transfer process, the data itself can be 
transformed to manage zoom, pan, 
scroll, and UJT functions. 

Graphical User Interface 

The trend at both the personal computer 
and workstation level is toward a graph¬ 
ical user interface. Since image pro¬ 
cessing is presented either as a stand¬ 
alone application or as an integrated 
part of another application, it must con¬ 
form to such GUI standards. 

Using the host CPU and frame buffer 
for processing makes this task easier be¬ 
cause the GUI tools are already in 
place. The virtual frame buffer also fits 
in nicely, because the display process, 
being separate from the image process¬ 
ing, can be routed through the GUT 

Problems arise when dealing with 
dedicated imaging subsystems indepen¬ 


dently of the host display, as the stan¬ 
dard GUT tools are generally not avail¬ 
able. In such cases, you can use two 
monitors, with control and status en¬ 
abled through the GUI on the system 
display and image data displayed on the 
subsystem. 

Imaging Tools and Applications 
The typical image-processing solution 
supplier wants two levels of software 
support—an end-user application that 
provides a set of standard imaging func¬ 
tions in an easy-to-use package, and a 
comprehensive set of imaging routines 
that allow the use of additional algo¬ 
rithms. 

General-purpose imaging software 
can often become tuned to a specific 
vertical market by adding market-re¬ 
lated functions. Imaging software tools 
can provide a wider range of options for 
the value-added reseller and system 
integrator. 

System Solution Approaches 
The initial decision for an imaging solu¬ 
tion supplier is what to use as the deliv¬ 
ery platform, including both the physi¬ 
cal host computer and the operating 
system. While microcomputers provide 
the lowest-cost solution (and with appli¬ 
cation accelerators, they can provide 
high performance), imaging applica¬ 
tions under DOS don’t coexist well with 
networks; they function best as stand¬ 
alone nodes. Because networking is 
built into the workstation environment, 
workstations lend to provide a better 
framework for workgroup management 


and processing of image data. 

In years past, high-end imaging solu¬ 
tions consisted primarily of propri¬ 
etary, stand-alone hardwarc-and-soft- 
ware boxes. The general state of the art 
in computer technology dictated this ap¬ 
proach; for many real-time applica¬ 
tions, It is still the only valid approach. 
The trend today is away from dedicated 
imaging subsystems and toward acceler¬ 
ators and software that can be integrated 
into standard personal computer and 
workstation platforms, 

Another approach is to use device- 
independent software that can run 
across a wide variety of hosts and imag¬ 
ing products. Software such as Image- 
Pro from Media Cybernetics (Silver 
Spring, MD) is both device-indepen- 
dent and device-intelligent; that is, it 
will use whatever capabilities are avail¬ 
able in the imaging hardware. This 
allows the systems integrator to select 
the best hardware that is available for 
the application, knowing that adding an 
accelerator will automatically provide 
an increase in the system performance 
that the software can handle. 

One of the pitfalls in im^e process¬ 
ing is that new hardware is being devel¬ 
oped faster than software support. This 
is particularly acute in the area of accel¬ 
erators, Many accelerator manufac¬ 
turers are working on developing a stan¬ 
dardized software interface that will 
provide a migration path to new hard¬ 
ware while still maintaining compati¬ 
bility with existing software. Device¬ 
independent software can provide a 
hedge against technical obsolescence. 


Nonimage data, such as histogram 
counts, image statistics, and object infor¬ 
mation, can also be output from an imag¬ 
ing system, 

A Typical System 

A typical image-processing workstation 
has a host computer with some or all of 
the following components: a frame buf¬ 
fer, a display monitor, a video digitizer, 
a video source, and an application accel¬ 
erator (see figure 1). 

A frame buffer consists of high-speed 
video memory coupled with a video dis¬ 
play system. It may contain more mem¬ 
ory than it needs for a single display; it 
can use the additional memory for code 
and data storage or multiple display 
pages, or to hold a single large image. 
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The video display system usually con¬ 
sists of output lookup tables (LUTs) for 
assigning actual colors or gray scales to 
image-data values, and D/A converters 
for converting digital image data into an 
analog video signal for display. 

The system usually gains access to the 
frame buffer in one of two ways: either 
through a single byte, word, or command 
interface, or by the host computer ac¬ 
cessing the frame-buffer memory direct¬ 
ly. Memory-mapped frame buffers mean 
better performance for systems that rely 
on the host computer for processing, 
since it can operate directly on frame¬ 
buffer memory. Otherwise, the system 
must transfer image data from the frame 
buffer to local memory for host process¬ 
ing and then back again for display. 


The characteristics of the display mon¬ 
itor must match the display requirements 
of the frame buffer. A standard National 
Television System Committee (NTSC) 
signal (defined as 512 by 480 pixels in¬ 
terlaced) requires a I5.75-kHz monitor, 
while a 1280- by 1024-pixel noninter¬ 
laced signal requires a 64-kHz monitor. 
The physical measurements of the moni¬ 
tor have no direct bearing on the input 
video signal. 

Input video can come from an analog 
video signal generated by a camera or 
VCR source as an NTSC or RGB signal 
(at 480 lines) in real time (30 frames per 
second). Alternatively, video can be in¬ 
put from a variable scan source (higher 
resolution or slower frame-rate video 
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Breakthrough $899 Offer—Now You Can Drive CD-ROM 


Until December 31,1989 Compact Disk Products (CDP) 
is packaging the just released third generation Hitachi 
CD-ROM drive with Microsoft’s most popular CD-ROM 
software: 

Package A—For $899, includes Microsoft Bookshelf, 
a coupon to purchase both Microsoft Stat 
Pack and Microsoft Small Business 
Consultant for only $50 each, a FREE copy 
of CD-Play Demo and FREE Federal 
Express delivery.* 

Package B—For $1189 also includes Microsoft 
Programmer's Library 



tlitachi CD-ROM drives 
retail ($995): Hitachi's second 


4,05 
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► HITACHI 


YOU SAVE OVER $670! 




Buy CD-ROM now! CDP sells over 
200 quality CD-ROM titles for libraries, 
schools, legal and medical professionals, 
programmers, and many others. Over 
25 new titles are being published each 
month. With IBM, NEC, and HP 
announcing new CD-ROM based PC’s 
or Mini’s, a CD-ROM drive is becom¬ 
ing as necessary as a floppy drive. 

“I believe more than ever that CD- 
ROM products will be a major force in 
the expansion of the information 
industry” Bill Gates. 



CDP is the largest specialized supplier 

of CD-ROM products in the US. Since 1987, CDP has supplied you with prompt 
service and expert advice...at the best prices. CDP is committed to CD-ROM 
and it shows. Our Unconditional Guarantee is unmatched. Our FREE F^eral 
Express delivery is an industry first. Call now and tomorrow you will be driving 
these px)wer CD-ROM products. 


generation drives, the 1503 and 
the 3500, captured over 60% of the 
market with superior functionality and 
reliability. The third generation 3600 
model (internal or stand-alone) released in 
September 1989 is Hitachi’s powerhouse for the 
19%’s. Superior speed comes from a look-ahead cache 
and a liriear pickup head motor. Powerful standard 
features include 8 drive daisy chaiiung, slim vertical or 
horizontal mounting, and full audio CD capabilities (accessible 
with CD Play Demo). 

Miicrosoft Bookshelf (retail $295): An indispensable 
collection of writer s’references for word processor users. This is the 
most popular CD-ROM title published. You get instant access to: The 
World Almanac, Chicago Manual of Style, Bartlett's Familiar 
(Quotations, Roget's II: Electronic Thesaurus, American Heritage 
Dictionary, Business Information Sources, The U.S. 
Zip Code Directory, Houghton Mifflin Spell 
Checker and Usage Alert and more! All Microsoft CD- 
ROM’s are RAM resident and include powerful cut and 
paste features for popular word processing packages. 

icrosoft Stat Pack (retail $125): Now you have easy 
-access to the abundance of statistics published by the Fed¬ 
eral Ciovemment—census data, business statistics, agricul¬ 
tural surveys and much more, plus Microsoft Excel and 
Lotus 1-2-3 spreadsheet files for all tables. A must for 
marketers and planners. 

]S^icrosoft Small Business Consultant (retail $149): 
The most popular publications of the Small Business Ad¬ 
ministration and Deloitte, Haskins and Sells on running 
a small business. Answer tax, accounting, legal, personal, 
AND financing questions in an instant. A gold mine for 
businessmen, accountants, and coruultants. 

M[ icrosoft Programmers Library (retail $395): 
All the critics are raving . .a Tnasterpiece of simpli¬ 
city and function.'’ PC World, May A complete 

library (over 20,(XX) pages) of the latest releases of 
Microsoft’s Technical Reference Manuals covering 
OS/2, Windows MS-DOS, C. 
MASM, etc. with 8 mega¬ 
bytes of source code. 


UNCONDITIONAL GUARANTEE 


Abo indudesFREE 
CD ROM Net¬ 
working software 
PCProfession- 
ab need this 
NOW! 


1) If FOR ANY REASON you arc unhappy with your purchase you may return it within 
30 days for a FULL REFUND. 

2) CDP will extend the Hitachi 90 day warranty period to 180 days and, during the warranty 
period, will ship replacement drives overnight. 


ORDER NOW! 800-MEGABYTe (634-2298) 

(Order line open M-S, 9AM-9PM EST) 


Fax Orders 212-737-8289 • Inquirics/Frec tech. Support 212-737-84(X) 
DEALER INQUIRIES WELCOME 

FREE CD-ROM: Mail in your order and receive the CD-ROM Source Disk 
FREE. Includes demos of many popular CD-ROM products and retails for $89. 

"Frdcnil Express deliver)' free for phone/fxx orders within continental US only. 



Please send the package I've checked below. 

□ Package “A’—Complete Hitachi CD-ROM drive kit (internal or stand-alone) 
plus Bookshelf and CD-Play Demo (includes a coupon to purchase both Stat 
Pack/Small Business Consultant for $50 each) for only $899! 

□ Package “B’—(Complete Hitachi CD-ROM drive kit (internal or stand-alone) 
plus Bookshelf, CD-Play Demo and Programmer’s Library (includes a coupon to 
purchase both Star Pack/Small Business Consultant for $50 each) for only $1199! 

Please send the following drive configuration with my order: 

□ Stand-alone Hitachi CD-ROM drive; Select □ PC/XT/AT/386 

or □ MicroChannel (add $100) 

□ Internal Hitachi CD-ROM drive (PC/XT/AT/386 Only) 


Acer. / 


Signarure 





Compact Disk Products, Inc 
223 East 85th Street, New York, Neu- York 10028 
(212)737-8400 

O Rcasc send me a FREE CDP Encyclopedia of CD-ROM Products 
□Corporate / personal check money order enclosed 
(Charge my (circle one) American Express Optima VISA 
MasterCard Diner’s Club 


exp. date 


Company 


Address 


Ciiy/State/Zip 


Phone 

flKc* lu&liiiJe Foinal Expnu thippnf and handfing^ 
Viri fnidmnaddiCZS\Mletaa 














































V 


IN DEPTH 
SOUNDS AND IMAGES 



Figure 1: Some imaging workstations will contain only some of the additional 
image-processing components, while others will have all of them, as this one does. 


sources). This analog data is converted, 
or digitized, via an A/D converter and is 
placed in the frame buffer. (Video digi¬ 
tizers for the European market have to 
handle phase-alternate-line input.) 

Optical scanning can also be used to 
generate image data. In this case, a sen¬ 
sor array, typically at 200, 300, or 400 
dots per inch, generates digital scan-line 
output as it moves past a flat source. The 
paper can move over the sensor, the sen¬ 
sor can move over a fixed piece of paper, 
or both the sensor and the paper can be 
stationary while the internal optics 
move. These scan lines are recomposed 
as the image data in the frame buffer. 

An application accelerator is an add¬ 
on hardware card or subsystem that has 
its own processing capability, indepen¬ 
dent of the host CPU. As the name im¬ 
plies, the function is to accelerate the 
processing of the imaging application. 

Real-World Applications 

The medical field has many uses for 
image processing, including processing 
and analyzing MRI, sonograms, x-rays, 
and CAT scans. Often, the output of de¬ 
vices is direct digital information; when 
it isn't, a film recording of the image is 
scanned or digitized. In medical re¬ 
search, the image from a microscope can 
be fed into an imaging system or stored 
on a videotape for later processing. 

Medical applications typically gener¬ 
ate high-resolut!on images of at least 
1024 by 1024 pixels. An accurate analy¬ 
sis of image data often requires pixel ac¬ 
curacy to at least 12 bits, even though 
only 8 bits can be displayed. Perfor¬ 
mance is usually critical in medical ap¬ 
plications; the imaging workstation is a 
small and relatively inexpensive compo¬ 
nent of the diagnostic equipment and 


shouldn’t be a throughput bottleneck. 

When photo interpreters use image 
processing, source image data is often 
aerial photographs shot during reconnai- 
sance flights. These photographs are 
digitized at the highest resolution possi¬ 
ble, in the 4096- by 4096-pixel range. 
Although perhaps only viewing a small 
piece of the image at a time, the photo in¬ 
terpreter needs the ability to smoothly 
pan and scroll around the entire image. 

In publishing, image data can be two- 
tone, gray-scale, or color. Images are 
typically not very large, and the primary 
concern is usually improving the look of 
the image. As you move from the desktop 
publisher to the quick printer to the com¬ 
mercial publisher, the complexity of the 
imaging system varies correspondingly. 

Image processing is used in commer¬ 
cial and industrial applications involving 
nondestructive testing. A record of an 
event—the movement of a tire through 
water, the inspection of the inside of a jet 
engine, the flow of paint droplets from a 
sprayer—is captured on videotape. This 
tape is later played back through the im¬ 
aging system, and each frame is ana¬ 
lyzed and processed. Since the input me¬ 
dium is video, these systems require 480- 
line imaging frame buffers and displays. 

In another class of inspection applica¬ 
tions, the analysis of video image data is 
done on the spot without the intermediate 
step of capturing to videotape. In such 
assembly-line-type applications, the 
video data must be processed in real time 
□sing dedicated hardware. 

LANDSAT and other satellites orbit¬ 
ing the earth generate remote-sensing 
image data. This data is multi spectral; 
that is, it contains bands of information 
digitized at frequencies outside the visi¬ 
ble spectrum (such as infrared and near- 


infrared). The images generated are very 
large (again in the 4096- by 4096-pixel 
range) and require an imaging system 
that can manage multiple bands of con¬ 
nected large images. 

One of the fastest growing applications 
for image processing is document man¬ 
agement and automation. Such systems 
usually consist of a high-capacity optical 
scanner with optical character-recogni¬ 
tion capabilities, which generates black- 
and-white image data. A standard 8(4- 
by 11-inch page scanned at 300 dpi gen¬ 
erates 1 megabyte of image data. 

Traditional processing requirements 
are small, but image compression and 
decompression are important. Systems 
that archive data and rarely access it give 
a higher priority to compression speeds; 
those that archive data once but retrieve 
it many times for review and editing must 
have an optimized decompression mech¬ 
anism. Accelerators are often used for 
compression and decompression. 

Imaging Tomorrow 

As the processing power of standard 
80386 and RISC-based workstations in¬ 
creases and as high-resolution display 
technology becomes standard, software 
is all you will need to turn a general-pur¬ 
pose computer into an image-processing 
workstation. As imaging becomes more 
integrated into other technologies, such 
as document management, imaging ap¬ 
plications will have to coexist and com¬ 
municate with database applications and 
function across network connections. 

Both dedicated-logic and general-pur¬ 
pose CPU accelerators will continue to 
flourish. Dedicated-logic solutions tend 
to be less expensive and reach the mar¬ 
ketplace more quickly, but they also be¬ 
come outdated more quickly. Tn the long 
term, the general-purpose CPU is likely 
to win out. Texas Instruments is current- 
ly pursuing this strategy by following the 
34010 with the 34020, which is down¬ 
wardly software-compatible but yields at 
least a fourfold speed improvement. 

Finally , color will become a require¬ 
ment for imaging applications. As the 
possibilities of color become more well 
known, as vendors become more adept at 
managing color image data, and as hard¬ 
ware technology specifically for color is 
developed, color will replace gray scale 
as the accepted medium for many image- 
processing applications. ■ 


Walt Penney is vice president of engineer¬ 
ing for Media Cybernetics (Silver Spring, 
MDj. He has a B. S. degree in mathemat¬ 
ics from the University of Maryland, He 
can be reached on BIX c/o "'editors. 
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IN DEPTH 

SOUND AND IMAGE PROCESSING 


Putting DSPs 
to Work 

Give your computer 
a taste of the human senses 

Bobby Saffari 



D SPs are here! 

Digital signal 
processors have 
found their way 
into our homes in products 
like compact disk (CD) play¬ 
ers and digital videotape play¬ 
ers, and into our computers 
(e.g., the NeXT machine), 
but the real potential of DSPs 
has yet to be tapped. They are 
capable of performing any 
ta^ that requires a lot of com¬ 
putation power with efficien¬ 
cy, speed, and relative ease. 

Not only can you use DSPs to 
preprocess various sounds 
and images for better quality, 
but you can also take advan¬ 
tage of their computational 
power to assist in creating the 
next generation of computer 
systems. 

The Three Steps 
The three hierarchical steps 
of signal processing are pre¬ 
processing, feature extraction, and pat¬ 
tern recognition. Currently, the most 
widely used application is preprocessing. 
This group of operations deals mainly 
with the quality and correctness of the 
signals. In speech and audio applica¬ 
tions, preprocessing includes (but is not 
limited to) preamplification, equaliza¬ 
tion, and noise reduction, most of which 
you can accomplish with digital filters. 


In image applications, preprocessing 
takes a more complex form. It includes 
such techniques as intensity and geomet¬ 
ric correction, as well as geometric 
transformation. These techniques re¬ 
quire using both digital filters and com¬ 
putations like matrix multiplication and 
inversion. 

In many applications, once the input 
signal (sound or image) has been prepro¬ 


cessed, the task is considered 
to be complete. For instance, 
in the digital recording of a 
CD, the signals from both the 
left and right channels are 
digitized using A/D convert¬ 
ers at a sampling rate of 44.1 
kHz (the Nyquist frequency 
for the 20-kHz audio range). 
The signals are then encoded 
digitally using error-detec¬ 
tion and -correction schemes 
and modulated so they can be 
written to a master laser disk. 
The end result is a superb 
sound recorded on a laser disk 
(preprocessing is complete). 

Developers can achieve a 
higher level of processing if 
they incorporate DSPs into 
the next generation of com¬ 
puter systems. By adding 
high-performance floating¬ 
point DSPs to existing com¬ 
puters, the average user could 
have access to features like a 
voice-activated man-to-ma- 
chine interface. 

A current topic of interest in which in¬ 
tense research and development are 
under way is pattern recognition, with 
applications in voice-activated worksta¬ 
tions, autonomous vehicles, and factory 
automation. 

To perform any sort of pattern recog¬ 
nition, you first need to extract certain 

continued 
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features or parameters from the prepro- 
cessed signal. In speech processing, at¬ 
tributes such as formant frequencies, 
pitch, and spectra provide for a sufficient 
and accurate representation of a speak¬ 
er's voice, Fourier descriptors and in¬ 
variant moments, on the other hand, are 
the parameters used in describing an ob¬ 
ject within an image. 

The parameters obtained from feature 
extraction are collectively used to iden¬ 
tify speakers or objects by comparing 


them against stored reference features. 
Based on possible similarities or differ¬ 
ences and an acceptance criterion (a 
threshold), the system decides on the 
identity of the speaker or object. 

Building DSPs 

DSPs, until now, have been implemented 
using one of the following platforms; ge¬ 
neric building blocks, function-specific 
building blocks, and RISC-like general- 
purpose DSPs. However, a new approach 


using application-specific ICs (ASICs) 
customizes the DSPs, 

The first platform, generic building 
blocks, includes implementations like 
convention a 1 complex-i nstr u ct ion - set- 
computer microprocessors and bit-slice 
processors. CISCs, accompanied by 
math coprocessors, are the most flexible 
and reaily available platform, but this 
flexibility comes at an often-unaccept- 
able price in speed performance. CISCs 
also lack the additional functionality that 
is needed, such as bit-reversed address¬ 
ing for fast Fourier transforms (FFTs) 
and circular addressing for time-domain 
convolution. Bit-slice processors can be 
fast, but the necessary microcoding is 
expensive—in time and money. More¬ 
over, bit-slice processors require the use 
of multiple devices, such as address se¬ 
quencers, ALUs, multipliers, registers, 
and memory, thus reducing the amount 
of available board space. 

The second platform, function-spe¬ 
cific building blocks, uses VLSI devices 
designed for DSP tasks such as 1024- 
point FFT, 3x3 image convolution, and 
64-point correlators. Perhaps the fastest 
platform for tasks with clearly defined 
inputs, function-specific building blocks 
are also known as VLSI distributed pro¬ 
cessing (each device in the system is re¬ 
sponsible for only one task). Such a sys¬ 
tem can be costly and lack flexibility in 
architecture and algorithm design. 

The third platform uses RISC-like 
general-purpose DSPs, which have 
evolved rapidly since their introduction 
about 10 years ago. Software develop¬ 
ment with this platform is comparatively 
easy, and internal architectures dedi¬ 
cated to number crunching, together 
with a robust DSP-oriented command 
set, provide better overall performance. 

In certain applications, general-pur¬ 
pose DSPs will not perform satisfactor¬ 
ily. You may need a set of specifications 
that is not embedded within a general- 
purpose DSP. For example, processing 
stereo-audio signals in a CD player en¬ 
tails using a special interface that allows 
for input and output of the right and left 
channels. This leads to the final and per¬ 
haps most advanced form of implementa¬ 
tion, called ASIC design. 

In ASIC design, you can customize the 
DSP architecture by optimizing the de¬ 
vice for performance, reliability, board 
space, design security, and cost. Due to 
advances in micron and submicron 
CMOS technology, the ASIC DSP can 
accommodate peripheral functions, 
memory, random logic, and, eventually, 
more than one DSP on a single chip. Such 

continued 
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Studio-quality animation comes to your 
desktop PC with GRASP Create slide shows, 
demos, interactive tutorials, and animated 
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timing, mouse and keyboard. Use the animation 
techniques developed for arcade games and 
television production. Add Grasp animations to 
C, Pascal, Basic, and Assembler programs. 

Now Grasp includes Pic tor, a paint program 
fully integrated with Grasp; and Artools, a 
unique set of animation generators. Anools 
creates the in-betweens ft>r professional effects 
like image warping, transformations, and 
cross-fades—automatically! 

GRASP version 5S— $199. 
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Words of Caution 
and Encouragement 
for Those Choosing 
a CASE Tool 

Your software projects are gnowing 
more complexj and maintenance is 
growing more expensive. You think 
that CASE tools could help, but 
some say CASE is more trouble 
than it^s worth. What should you 
believe? Should you jump in? Be 
cautious. Expensive CASE tools 
with rigid methodologies demand 
a commitment of time and mone>' 
so large that anything short of 
revolutionary success can seriously 
damage your budget and your 
career. Now^ however, you can 
eliminate methodology grid-lock 
with an affordable, flexible, world- 
class CASE tool. Literally every 
programmer and analyst in your 
company can have the power of 
'^^Designer™ on their PS/2 or PC. 

The Price/Performance 
Leader 

only $495 for a 


design collaboration while prevent' 
^ ing conflicting changes to the 

shared design. 

The Expert version of '^^Designer 
also provides the database and 
reporting capabilities necessary to 
predict lines of code, number of 
modules, completion dates, respon' 
sibilities and project complexity 

One Picture Is Worth 
A Thousand Meetings 

^^Designer enhances the com- 
, - munication among team members 

T' ~ by giving managers, team leaders, 

^ ^ programmers and analysts a visual 

picture of your system’s architecture 
making it faster and easier to com- 

^ municate design changes through¬ 
out the team. 

Fast Learning Curve 

v^Designer has powerful on-line 
help, and the UsePs Manual has an 
extensive tutorial. Your choice of 
Lotus-style menus or pop-up menus 
make command selection easy The 
built-in word processor even 
emulates popular word processors to reduce learn¬ 
ing time. Color graphics make your designs easier 
to understand. 

A World-Class Design/Analysis 
Tool From The Best-Rated 
CASE Vendor 

When you choose '^'^Designer, you become a 
valued customer of Sage Software, the ^Best-Kated 
CASE Vendor" in the Donohue 1989 Eortune 1000 
Software Industry Report. 

Both versions of '"^Designer require an IBM- 
compatible PC or PS/2 with 640K RAM, EGA 
monitor and a hard disk. A mouse is recommended. 
Printers supported are: Epson FX85, FX286 & 
MX80; HP LaserJets and LaserJet Series II. 

30'Day Money-Back Guarantee 


’^Designer costs 
single-user license, bur donT 
be fooled by its low price — 
v^Designer has the features and 
powder of CASE tools costing over 
ten times more. The Expert version of''^Designer 
costs $1,995 for a single-user license and includes 
all ^^Designer features plus LAN support, design 
database reporting and the ability to modify or 
create methodologies. 

Use Multiple Methodologies 

vsDesjgner supports the structured design methods 
you prefer: Yourdon, Gane-Sarson, Wamier-Orr, 
Ward-Mellor Real-Time, Entity-Relationship, Flow 
Chart, etc. k supports multiple methodologies or 
“syntaxes" simultaneously so that a design can 
contain layers (nodes) using different syntaxes. Ear 
example, you can use Data Flow Diagrams for the 


top level of your design and then decompose each 
module into Structure Charts, State Diagrams, 
Entity-Relationship Diagrams, etc. 

Customize Methodologies Or 
Create Your Own 

With the Expert version of ''^Designer, you can 
modify the syntaxes we supply, or you can even 
create your own syntaxes for ultimate flexibility We 
believe that the tool should adapt to and then 
enforce your team's standards and practices rather 
than vice versa. 


Quality Code From Quality Design 

Although many CASE tool users have had signifi¬ 
cant productivity gaiirs, structured design improves 
quality even more than productivity. The design 
checking programs included with ^Designer allow 
you to check the logical integrity of your designs 
before you begin writing code. The resulting code 
will be more reliable, and maintenance costs will 
be much lower because operations are logically 
consistent. 




To Order 1-800-547-4000 


Outside North America call (301) 230-3307. 
Send checks and RO.s to SAGE/POLYTRON, 
1700 NW 167th Place, Beaverton, OR 97006. 
FAX: (503) 645-4576, Prices are N. American only 


Collaborate over a LAN 

The Expert version of ''^Designer also adds LAN 
support so that all your designers can simultaneously 
work on the same design. Node locking allows 


Data Flow Dingrams aro just one of the 
standard methodologies supported 
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l^D FIR Filter 

The following equation describes a one- 
dimensional finite impulse response 
(FIR) filter: 


Y(n}= f; A(A:)X{n-t) 


where h{k) is the filter coefficients and 
X(n) is the input data sequence, 

FIR implemeniaiion is nonrecursive 
(see figure A) and is therefore always 
stable {ix., it converges to a finite num¬ 
ber). It exhibits a relatively low quanti¬ 
zation error as a result of arithmetic op¬ 
erations and has no limit-cycle problem, 
FIR filters can independently achieve 
linear phase with no phase distortion. 

Despite these features^ FIR filters 
have deficiencies. They usually use too 
many multiplications (due to the many 
required coefficients) to generate a 
sharp cutoff frequency. Thus, they are 
suit^ to applications that need zero 
phase distortion and don"! have too 
many multiplications. At one time, 
these filters used registers, multipliers, 
ALUs, and conventional CPUs. 

Circular addressing is another fea¬ 
ture that eliminates checking for upper 
and lower limits of the data structure 
and allows an incoming sequence X(n) 
to be automatically inserted into data 
space. Consequently, very fast and 
memory-efficient FIR filters can be 
implemented, 

1-D HR Filter 

The following equation describes an in¬ 
finite-duration impulse response (HR) 
filler: 


Y(tt) fl.Y(n-fc) Sb.X(n-ifc) 


Digital Filters 



Figure A: The fundctmental format used to implement an FIR filter. FIR 
implementation is nonrecursive and is therefore always stable (Le ., it converges 
to a finite number). It can independently achieve linear phase with no phase 
distortion. 



Figure B: The most comnujn method of implementing UR filters. In digital-filter 
design using the HR approach, you would use this format as the fundamental 
block (bi-quad realization). Therefore, most HR implementations would use the 
cascaded seemd-order bi-quad filters. 


a high level of logic integration suits ap¬ 
plications that are too complex for a gen¬ 
eral-purpose DSP* ASIC design could 
also reduce cost by providing a scaled- 
down DSP for applications where a gen¬ 
eral-purpose DSP is overqualified. 

To date, several ASIC DSPs have been 
produced from different “core” macro¬ 
cells (Type-1, Type-2, and Type-3). 
Each of the cores is a DSP consisting of 
four functional modules: arithmetic and 
logic, address calculation, program se¬ 
quence and control, and internal memory 
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(see figure 1). Since all modules com¬ 
municate with standard signals, you can 
combine and modify the macros usii^ 
standard interface signals. Internal pro¬ 
grammable logic arrays in the program 
sequence and control block decode the 
program instructions, or microinstruc- 
lions, and generate control signals. You 
can alter the instruction set by repro¬ 
gramming the PLAs. 

Each DSP core is optimized for a cer¬ 
tain application area (see table 1)* For 
example, a Type-2 core provides a spe¬ 


cial I/O interface to comply with the I^C 
serial-bus standard for digital-audio ap¬ 
plications. The PC bus structure lets you 
transmit commands, as well as data, 
through a serial internee that is useful in 
adaptive filtering applications. As a re¬ 
sult, you can substantially reduce the 
number of components and the cost of the 
system, as well as increase the flexibility 
with which you can digitally filter audio 
signals. The Type-3 core has 16 first-in/ 
firsl-oul I/O registers and a 32-bit 
IEEE-754 floating-point data format for 
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HR filters are typically designed from 
analog filters, since the techniques and 
procedures for analog-filter design are 
well developed and require fewer com¬ 
putations. Analog filters are converted 
to digital filters using impulse-invariant 
and bilinear transformation methods. 
Similar to analog filters, IIRs are pref¬ 
erably realized in a cascaded form of 
second-order filters (bi-quad HR) for 
algorithmic simplicity and low sensitiv* 
ity to coefficient quantization* (See fig¬ 
ure B.) 

Compared to FIR filters, HR filters 
are more efficient in terms of memory 
requirements, number of multiplica¬ 
tions, and filter response. Their transi¬ 
tion band is relatively sharper, and 
fewer delay elements and multiplica¬ 
tions are required* In addition, flexible 
address pointers and circular address¬ 
ing mode make HR design straightfor¬ 
ward. However, distortion delay (non¬ 
linear phase), instability, limit-cycle 
problems, and higher quantization error 
in arithmetic operations are all defi¬ 
ciencies of HR filters* 


2-D FIR USING 3x3 MASK 


/ 



Figure C: How the output F(m,n) is computed according to the equation in the 
text. In practice, the center pixel (see the circle) of the S x J input image is 
computed instead of the corner pixel that the arrow points to. The indexes of the 
filter equation are adjusted accordingly. 


2-D Digital Filters 

Similar to the one-dimensional case, 
two-dimensional digital filters consist 
of two classes: FIR and HR* In image 
processing, where shapes and relative 
distances between objects are impor¬ 
tant, zero-phase and linear-phase FIR 
filten arc commonly used. 

FIR filters in two dimensions exhibit 
the following I/O relationship: 

Y(m,n)= ^ ^ h(k,l)X(m-k.n-l) 

where Y is the output of the filter, X is 
the input image, and h is the filter’s im¬ 
pulse response. Generally, one-dimen¬ 


sional design techniques are used to 
compute the coefficients of a two-di¬ 
mensional FIR filter. The most com¬ 
monly used two-dimensional FIR filter 
is a 3 x3 coefficient matrix, usually re¬ 
ferred to as a 3x3 input mask. There 
are over 100 different input masks that 
have known coefficients to produce 
transfer functions for low-pass, high- 
pass, and noise-removal filters. 

Figure C shows how output is 

computed according to the above equa¬ 
tion* In practice, however, the center 
pixel (centered in figure C) of the 3x3 
input image is computed instead of the 
comer pixel that the arrow points to* 
The indexes of the filter equation are 
adjusted accordingly. 


Similar to one-dimensional FIR, the 
quantization error is small. If the input 
image is digitized to S bits (shades of 
gray) or 24 bits (RGB color) and the in¬ 
put-mask coefficients are generated in 8 
bits, then you need to accumulate 32-bit 
products for image-processing applica¬ 
tions where you need two-dimensional 
digital filtering. 

DSPs need to perform a 3 X 3 image 
convolution over a large memory area. 
Because the intensity of each pixel is 
obtained in integer formal, it would 
make the most sense to perform digital 
filtering using integer operations. A 24- 
bit integer formal is more than sufficient 
for most typical image-filtering appli¬ 
cations. 


high-accuracy, high-speed, image-pro- 
cessing applications. 

Perhaps one of the most attractive fea¬ 
tures of ASIC DSPs is that they are soft¬ 
ware-programmable* The ability to 
create different functions and tasks is es¬ 
sential in most designs, providing a great 
deal of flexibility when you need to exe¬ 
cute a variety of application programs 
with a single device. 

If you need to create programs for a 
new DSP, a “chip-definition file“ con¬ 
veys all the necessary information about 


memory size, data format, registers, and 
other device features to the assembler, 
the linker, the simulator, and, finally, 
the emulator* Applications that can use 
floating-point DSPs range from digital 
filtering (used in preprocessing), to 
rapid and optimized FFT calculation for 
feature extraction, to graphics and pat¬ 
tern recognition. 

Digital Filters 

Digital filters are programmable, reli¬ 
able, repeatable implementations of a de¬ 


sired frequency response that is usually 
used to alter the frequency content of an 
input signal. A low-pass filter, for exam¬ 
ple, allows only the low-frequency com¬ 
ponents to pass* 

Once the desired spectral characteris¬ 
tics are specified, a digital filter can 
achieve those specifications with ease, 
efficiency, and accuracy. Digital filters 
are implemented on DSPs through vari¬ 
ous structures (e.g., the finite impulse 
response and infinite-duration impulse 

continued 
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response filters), (For more details about 
specific types of digital filters, see the 
text box “Digital Filters” on page 262,) 
With the emergence of powerful float¬ 
ing-point DSPs, realizing such struc¬ 
tures is no longer the focal point of de¬ 
sign. The important issue now is meeting 
the specific demands of the market, 
which may include attributes ILke wide 
dynamic range, large memory, special¬ 
ized I/O interfaces, or a combination of 
several features. 

Time and Space Correction 

Time and space correction are among the 
last steps in preprocessing operations and 
may not be necessary for many applica¬ 
tions, However, if your application per¬ 
forms pattern recognition on sound or 


images, time and space correction are 
among the most critical steps. A signal’s 
intensity may be filtered, but its relative 
position in time or space needs to be cor¬ 
rected so similar features are aligned 
with each other in preparation for the 
final computations. I will describe the 
more complicated of the two operations: 
geometric, or space, correction. Time 
corrections for speech applications are 
quite similar. 

In image processing, once a sensor ac¬ 
quires an image, it is subject to intensity 
and geometric distortions. Thus, in any 
image-processing task, the first stage, 
which is part of preprocessing, is to iden¬ 
tify the nature of the distortions and rec¬ 
tify them. 

Intensity distortions are caused by ex¬ 


ternal lighting variations, sensor imper¬ 
fections, camera or scanner shading ef¬ 
fects, detector gain variations, and so on. 
You can usually predict intensity distor¬ 
tions and correct them relatively easily 
using simple table-lookup techniques or 
digital filtering. 

Geometric distortions, on the other 
hand, occur due to the nonlinearity or 
misorientation of sensors or to the inher¬ 
ent imperfections in optical instruments. 
In contrast to intensity corrections, geo¬ 
metric rectifications are complex and 
computationally intensive. 

Synthetic aperture radar (SAR) and 
aerial imaging demonstrate some of the 
benefits of floating-point DSPs in imple¬ 
menting geometric corrections. Medical 

continued 


I/O block 


ARCHITECTUAL BLOCK DIAGRAM OF A CORE DSP 

Address calculation block 



Program sequence 
and control block 


Anthmetic and 
logic block 


Dedicated registers 
and counters 


Figure 1: Each core DSP consists offourfunciional modules: arithmetic and logics €iddress calculation, program sequence and 
control, and internal memory. All modules communicate with standard signals. Internal programmable logic arrays decode 
program instructions and generate control signals. 
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MICRO-CAP III;" the third generation 
of the top selling IBM® PC-based interac¬ 
tive CAE tool, adds even more accuracy, 
speed, and simplicity to circuit design and 
simulation. 

The program’s window-based opera¬ 
tion and schematic editor make circuit 
creation a breeze. And super-fast SPICE- 
like routines mean quick AC, DC, Fourier 
and transient analysis—right from 
schematics. You can combine simulations 
of digital and analog circuits via integrated 
switch models and macros. And, using 
stepped component values, rapidly gener¬ 
ate multiple plots to fine-tune your circuits. 

%’ve added routines for noise, impe¬ 
dance and conductance—even Monte 
Carlo routines for st^istical analysis of 
production yield. Plus algebraic formula 
parsers for plotting almost any desired 
function. 
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laser plotters and printers. And a lot more. 

The cost? Just $1495. Evaluation ver¬ 
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a free brochure and demo disk. 


1021S. Wolfe Road, 

Sunnyvale, CA 94086 
(408) 738-4387 

3 fIQlO-QiP//f is a 

B&ectiks Computer Technoiog}i 

IBM is a registemi tmtemar^ ofInternational Business Machines, Inc. 


Circle 298 on Reader Service Card 



























































IN DEPTH 
PUTTING DSPS TO WORK 


imaging and machine vision are two 
other examples. 

Aerial imaging and SAR typically use 
images from two different sensors for 
scene analysis. A remote sensor, such as 
an airplane or satellite, usually obtains 
radar and optical images. Such radar 
images are usually distorted and need 
correction before any decision can be 
made about the identity of the objects ap¬ 
pearing in them. 

Feature Extraction in Speech 
Parameters that provide for a representa¬ 
tion of the speech signal include formant 
frequencies, pitch, and intensity. You 
can estimate all three accurately and ef¬ 
ficiently using techniques such as linear 
predictive code (LPC) analysis, short- 
time average magnitude, or homomor¬ 
phic signal processing. 

Formant frequencies, or formants, are 
the products of a phenomenon similar to 
the resonance effects observed with or¬ 
gan pipes or wind instruments. As sound 
propagates down the vocal and nasal 
tracts, the frequency selectivity of these 
tube-like organs shapes the frequency 
spectrum. As a result, certain frequen¬ 
cies are reinforced, and peaks occur in 
the spectrum of the signal. These peaks 
are the formant frequencies. 

Determining formant frequencies is 
an essential part of speech analysis, be¬ 
cause formants describe the spectral 


properties of the speech signal and there¬ 
fore determine the particular sound that 
is produced. 

When you speak, the glottis generates 
pulses of air that excite the vocal tract 
and thereby produce various sounds. The 
fundamental frequency with which these 
pulses are released is called the pitch\ the 
resulting harmonics are called pitch har- 



estimation is 
a critical problem in 
speech processing. 

monies. Pitch estimation is one of the 
most critical problems in speech pro¬ 
cessing because it provides information 
about the frequency of the pulses that 
generate voiced sounds. 

The amplitude of the speech signal 
varies appreciably with time. In particu¬ 
lar, the amplitudes of unvoiced segments 
are generally much lower than the ampli¬ 
tudes of voiced segments. The energy of 
the speech signal provides a convenient 


representation that reflects these ampli¬ 
tude variations. 

You can use a variety of methods to es¬ 
timate speech parameters, including 
LPC analysis. In applying LPC analysis 
to formant estimation, a set oip predictor 
coefficients called are computed by 
solving a set of linearly independent 
equations. These equations are repre¬ 
sented in matrix form as A xx=y, where 
A and y are known. 

In the popular autocorrelation meth¬ 
od, A is a p xp matrix of the autocorrela¬ 
tion values, X is a size p vector contain¬ 
ing the predictor coefficients, and y is a 
/? X 1 vector of autocorrelation values. 
The autocorrelation sequence is com¬ 
puted directly from sampled speech 
waveforms. 

Independent of the approach used in 
formulating the above LPC equations, 
matrix A exhibits useful properties that 
enable you to compute the predictor coef¬ 
ficient vector X in a robust and efficient 
manner. For example, if the autocorrela¬ 
tion method is used in setting up the LPC 
equations, then A is Toeplitz (a symmet¬ 
ric matrix in which all the elements 
along a given diagonal are equal). This 
property is exploited to obtain an effi¬ 
cient algorithm with which to solve the 
LPC equations. 

Floating-point DSPs can perform the 
necessary compulations for solving the 

continued 


Table 1: Each core DSP is optimized for a cerrain application area. For example, the Type-2 core provides a special I/O 
interface for digital-audio applications, and the Type-3 core has special registers and a floating-point data format for 
image-processing applications. 


Core type 


DSP CORES AND FEATURES 
Type-1 Type-2 


Type-3 


ASIC DSP 
Application 
Machine cycle 
Operation speed 
Multiplication 
Floating-point: 
Fixed: 

Internal RAM 

Internal ROM 
Package 

Number of transistors 
Chip size 


M086220 

Telecommunications application 
75 ns 

13.3 MIPS 

(1.8x107)x(1,8x107)-^(2.4x10^ 

256 worctex24 bits 
2-page 

2 KwordsxSO bits 
QFP1 80-pin 
PGA2 laSpn 
11 OK transistors 
9.5 mmx9,8 mm 


MB86224 
Digital audio 
75 ns 

13.3 MIPS 

(1.8 xlO^x (1.8X10^)-^(2.4X107) 
18 bit x18-bit-*24-b(t 
256 words X 24 bits 
2-page 

2 Kwordsx30bits 
QFP 80-pin 

130K transistors 
9.8 mm X 10.4 mm 


A subset of MB86232 
Image processing 
75 ns 

13.3 MIPS 

( 2.4 X W) X( 2.4 X 109 )( 2.4 x IQS) 
24-bit x24-bit^32-bit 
256 words X 32 bits 
512 words X 32 bits 
2 Kwordsx32 bits 
PGA135'pin 


1 QFP = Quad flat pack. 
J PGA - Pin grid amay. 
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Just a Moment 


T he method of moments is a way of 
describing the properties of an 
object in terms of its area, position, ori¬ 
entation, and other non interpretive pa¬ 
rameters (see figure A). Discrete mo¬ 
ments arc defined by the equation 

i J 

where the order of moment equals p+^; 
jr,y are pixel coordinates; and f(x,y) rep¬ 
resents the pixel brightness function. 
Zero- and first-order moments can be 
defined by these equations: 

Woo = S 

i J 


Wio = 2^ 2^ JcfCjt.y) 

I J 

Woi = 2 y f(.x,y) 

i i 


In a binary image (black and white), the 
zero-order moment (Moo) is the same as 
the object's area* Because the object is 
not usually a single point, a precise def¬ 
inition of the term position must be 
given. In practice, the center of area, or 
center of mass (centroid), is used to 
specify position. The following equa¬ 
tions give the centroid: 

' Moo 


Although they ate useful for some 
tasks, zero- and first-order moments 
prove inadequate when matching ob¬ 
jects in the acquired image with objects 
in the reference image. This is because 
iow-order moments vary according to 
scale, position, and rotation. Therefore, 
you must derive invariant moments such 
as 01 , 02 i ‘ ■ for the object* These 
moments are unaffected by translation, 
rotation, and scale change. 

Invariant moments also provide more 
information about the object than do 
zero- and first-order moments. The 
added information is useful in helping 
you to distinguish one object from an¬ 
other that may have similar properties. 
To compute invariant moments, you 
need to compute central moments and 
normalize them. Central moments are 



FEATURE EXTRACTION USING MOMENTS 

y 


Figure A: The method of moments is a way of describing the properties of an 
object in terms of its area, position, orientation, and other noninterpretive 
parameters. Note the calculation for the position of the centroid. 



Figure B: Subroutines in computation of invariant moments to create feature 
vectors. Each subroutine is camputationally intensive and sensitive to 
computational error. However, each stage is connected to the other subroutines; 
computational errors, propagated through the stages, could have a major impact 
on system performance. 


discrete moments calculated with re¬ 
spect to the centroid. Both central and 
normalized moments can be derived 
from the following equations, respec¬ 
tively: 

I J 

_ 

where X = (p + q)/2. 

From second-order normalized mo¬ 
ments, you can derive a set of invariant 
moments: 


01 = »?2o + Vgi 

02 = (t720 - + 4^1 

Generating invariant moments is a 
cascaded operation that is particularly 
prone to generating overflow conditions 
and is also very sensitive to quantization 
errors along each stage of compulation. 
As you can sec, developing a software 
program to do these operations would 
not be a trivial undertaking. The unpre¬ 
dictability of input images and computa¬ 
tional inaccuracies also add to the chal¬ 
lenge (see figure B)* 

The lai^e dynamic range provided in 


268 B y T E • DECEMBER I9S9 



















































t N DEPTH 
PUTTING DSPS TO WORK 


FEATURE EXTRACTION USING 
FOURIER DESCRIPTORS 


y (Imaginary) 



Figure C: Fourier descriptors are a method of extracting information about an 
object using boundary points. You use the x and y coordinates of these points as 
the real and imaginary components of a complex number. Then, these complex 
numbers are used in a Radix-2 fast Fourier transform computation. 


IEEE-754 floating-point formal (1500 
decibels) along with flags for overflow, 
underflow, near zero, and near infin¬ 
ity, minimize the error along different 
sections of the system. It also speeds 
software development time by eliminat¬ 
ing the need for scaling routines. 

Fourier Descriptors 
Fourier descriptors are another method 
for extracting information about an ob¬ 
ject, As In moment generation, bound¬ 
ary points are the inputs for Fourier 
descriptors (see figure C). These 
boundary points are mapped as imagi¬ 
nary and real points for Fourier analy¬ 
sis. The amplitude spearum and phase 
are frequently used as parameters gen¬ 
erated by Fourier transformation to dis¬ 
tinguish between boundary shapes in 
the matching process. 

The boundary is a series of complex 
numbers where x and y are the coordi¬ 
nates of points on an object’s boundary, 
and N is the number of points, 

where Xi is the real component and yt is 
the imaginary component. 

The discrete Fourier transformation 
of the complex sequence is computed as 

fr„ 

F(«) = 2^ f(*) exp(-j2x(-jT» 


Since F(h) is a complex series, the am¬ 
plitude spectrum can be computed as 

\F(u)\ = I (Real F(«)) 2 + (Im F(a)) 2 | 

So, the equation of this phase is 

0(M)=arctan pm F(w) / Real F(w)) 

For normalized Fourier descriptors, 
you find the centroid using zero- and 
first-order moments, then you shift the 
origin of the existing coordinates to the 
centroid, and, finally, you compute 
phase and amplitude. 

Fourier descriptors are invariant 
without requiring further computation. 
They are also useful because of certain 
properties in the Fourier domain: easy 
movement between the spatial and Fou¬ 
rier domains; size changes generated by 
multiplying by a constant; angle rota¬ 
tions accomplished by a simple multi¬ 
plication; and translation accomplished 
by addition. 

Broad Applicability 
Use of invariant moments has been suc¬ 
cessfully demonstrated in a wide range 
of existing applications. In medical 
technology, there are reports that indi¬ 
cate 98 percent accuracy using invariant 
moments in identifying malignant tu¬ 
mors in chest x-rays. Similar results are 
shown in fingerprint recognition and 
optical character recognition. 


LPC equations, arriving at numerical 
values for predictor coefficients. A sub¬ 
routine function that simulates the vocal 
tract with an all-pole model then calls 
these coefficients. The output of this 
model is the spectral estimate of the in¬ 
put speech waveform. You can use lattice 
filters to implement the model. 

If the spectrum is plotted, you should 
expect to see peaks at the formant fre¬ 
quencies. Thus, LPC analysis can be 
seen as a method of short-time spectrum 
estimation. Such techniques are widely 
applied outside the speech-processing 
field for this purpose. Once the spec¬ 
trum is computed, a peak-detection algo¬ 
rithm can be devised to extract the for¬ 
mant frequencies. 

LPC analysis is a parametric method 
of signal processing. In many applica¬ 
tions, parametric models exhibit superi¬ 
or performance over nonparametric 
techniques such as ** short-time average 
magnitude.” The steps involved in esti¬ 
mating formant frequencies using LPC 
(autocorrelation formulation) are auto¬ 
correlation sequence calculation, LPC 
coefficient calculation, system function 
evaluation, and “peak picking." 

In a practical implementation of these 
steps, most of the number crunching will 
occur while computing the predictor co¬ 
efficients. Using the autocorrelation for¬ 
mulation, the number of multiplications 
required to calculate x is approximately 
N ^ Mp p^. The system function is 
theoretically guaranteed to be stable. 
Nevertheless, this guarantee may not 
hold if the autocorrelation function is 
computed without sufficient accuracy. 
Then, the round-off encountered in com¬ 
puting the funaion can cause the auto¬ 
correlation matrix to become ill-condi¬ 
tioned. 

Shapes and Features in Images 
Before you’re able to perform high-level 
image-processing tasks, such as object 
recognition, you might need several pre¬ 
processing steps to improve the quality of 
the image (i.e., enhancement) and sev¬ 
eral more to isolate the objects from their 
background (i.e,, segmentation). Usu¬ 
ally, segmentation itself involves multi¬ 
ple steps, such as separation, based on in¬ 
tensity, color, and contour alges. 

Once you have identified the boundary 
of an objea, you must extract features so 
that you can describe the object in a form 
other than that of the set of connected 
boundary points. In image processing, 
the most frequently used algorithms in 
feature extraction are those for invariant 
moments and Fourier descriptors (for 

continued 
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A T wo-Pronged Approach 


Sound Processing 

Fujitsu Microelectronics' MB86224 
uses a floating-point data format (1.8 X 
10^) that typical digital audio re¬ 
quirements (no more than 120 deci¬ 
bels). It is designed to support the PC 
bus for high-fidelity digital-audio sys¬ 
tems. Its floating-point capability 
makes it a candidate for carrying out 
calculations that require high accuracy* 

The data format of this chip provides 
optimum precision and, consequently, 
minimum round-off error. Its architec¬ 
ture uses pointers to access the data 
structures. Therefore, it can delay and 
shift all data points simultaneously by 
incrementing the address pointer. 

Moreover, the MB86224’s advanced 
Harvard architecture and its two-stage 
pipeline enable the processor to per¬ 
form floatifig-point operations at a high 
speed (6.75 million floating-point oper¬ 
ations per second). The chip allows four 
levels of subroutine nesting in hardware, 
which increases computation speed by 
eliminating slack operations. 

The MB86224 reduces and elimi¬ 
nates some of the shortcomings of HR 
filters, such as limit cycle, quantization 
error, and instability, by providing 24- 
bit floating-point and fixed-point arith¬ 
metic capability. Also, the MB86224 
has an interface that exhibits two-chan¬ 
nel I/O capability providing concurrent 
multiple-spe aker ident i f icat ion * 

Image Processing 

The MB86232 from Fujitsu Microelec¬ 
tronics is specifically designed for 
graphics and image-processing applica¬ 
tions. Based on a two-stage pipeline 
Harvard-style architecture, it uses sepa¬ 
rate program and data buses to fetch 
data and execute an instruction simulta¬ 
neously. Two internal 32-bit data paths 
allow faster data transfer within the 
device. 

This chip contains four ALUs: one 
for arithmetic and logic operations, and 
three for different address units. These 
address units can access up to 1 mega¬ 
word (4 megabytes) of data, 64K bytes 
of program space , and 512 by 32 bits of 
internal data memory, all at the same 
time. The MB86232 also features regis¬ 
ter files where temporary data can be 
kept for an immediate operation. 

The MB86232 is also a 32-bit float¬ 
ing-point digital signal processor capa¬ 
ble of performing 24-bit integer and 32- 


bit fixed-point multiply accumulate 
(MAC) in a single cycle (75 nanosec¬ 
onds). Thus, for applications where the 
incoming signal is an integer, you don’t 
need to convert it to floating-point. Us¬ 
ing other existing floating-point DSPs 
requires routines to convert integer data 
into floating-point and vice versa. 

For example, a 512- by 512-pixel 
image requires a512by512 data-for- 
mat conversion. Once the image is con¬ 
volved with a 3x3 mask in floating¬ 
point formal, the output image needs to 
be reformatted again (8 bits for gray 
scale, 24 bits for color) for display pur¬ 
poses* Regardless of the time spent in 
convolution, extra time is wasted in con¬ 
verting from one formal to the other, 
twice. Consequently, the implementa¬ 
tion speed of such preprocessing is half 
to one-third that of the MB86232. 

The MB86232 fully conforms to the 
IEEE-754 floating-point standard and 
makes overall system design easier by 
providing compatibility with existing 
hardware components and transport¬ 
ability for many software programs that 
use the standard. It implements moment 
calculations* 

To facilitate complex I/O functions 
and keep the hard ware/soft wane aspect 
simple, the MB86232 provides two 
serial inputs, two serial outputs, and 
one parallel port* The serial ports are 
programmable for 8-, 24-, and 32-bit 
data formats. 

Up to 16 MB86232s can be linked to¬ 
gether via message passing, a unique 
feature of the MB86232 parallel port 
for multiprocessing tasks used in pat- 
tern-recognition systems. 

The MB86232 is Fujitsu’s high-end 
32-bh floating-point DSP. It offers 
dual-accumulation capability (i.e., two 
ALU accumulators), which makes this 
chip suitabte for geometric correction 
computations. (The MB86232 assembly 
code for implementing the geometric 
correction procedure is available from 
Fujitsu.) 

The advantage of having two accumu¬ 
lators for carrying out such computa¬ 
tions lies in the fact that the two coordi¬ 
nates can be computed in a semiparallel 
mode by jumping back and forth be¬ 
tween the equations, keeping the inter¬ 
mediate results inside the pipeline, and 
the sum of individual products in differ¬ 
ent accumulators* All MAC functions 
can be done with either accumulator. 


more details on these algorithms, see the 
text box “Just a Moment” on page 268). 

DSPICs 

In the past, due to the density of data and 
the large amount of computation in¬ 
volved, feature extraction was best per¬ 
formed on mainframes or minicomput¬ 
ers. The emergence of VLSI chips that 
support IEEE floating-point math pro¬ 
vides an architectuie that supplies fea¬ 
ture-extraction capabilities on a micro¬ 
computer. This architecture performs 
parallel operations in a pipelined fash¬ 
ion* It multiplies and adds rapidly (in a 
75-nanosecond instruction cycle), which 
is essential for filtering, moment, and 
Fourier analysis. It generates complex 
addressing, such as hit-reversed and cir¬ 
cular for complex Fourier transforms. It 
performs full IEEE floating-point arith¬ 
metic and logic operations. 

The TEEE-754 format is the accepted 
standard among 32-bit CPUs, math co¬ 
processors, and many high-performance 
support IC^. Fujitsu Microelectronics 
has developed IEEE-standard floating¬ 
point ASIC DSPs for sound and image 
processing* Two of these chips are de¬ 
scribed in the text box “A Two-Pronged 
Approach.” 

Pattern-Recognition Architecture 

Floating-point DSPs have been shown to 
provide enormous benefits in implement¬ 
ing preprocessing and feature-extraction 
algorithms used for sound and image 
processing. Some key advantages of 
floating-point ASIC DSPs in these mas¬ 
sive number-crunching operations are 
high-precision arithmetic capability, 
special addressing modes (e.g., direct, 
indirect, bit-reversed, circular, and in¬ 
dexed), and software programmability. 
Performing pattern recognition with 
floating-point DSPs also has some 
advantages. 

Pattern-recognition systems require a 
high data transfer rate, which ASIC 
DSPs support through multiple data 
paths within the device (two 32-bit inter¬ 
nal data buses), several serial and paral¬ 
lel I/O ports, and direct memory access 
(DMA) capabilities. 

In speech-recognition systems, DSPs 
have been used for digital simulation of 
neural networks. Four of them are con¬ 
figured in a ring-lattice, multiple-in¬ 
struction multipie-data, neural network 
architecture used in an accelerator board 
for personal computers. In image-pro- 
cessing systems, you can partition 
images as well as tasks and assign vari¬ 
ous parts of them to several DSPs to 

CGntinued 
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Presenting a multiscanning color monitor so advanced it’s compatible with virtually all the video standards to date. 
And with video standards to come, like SuperVGA and IBM® 8514/A. 

It’stheC1391 PanaSmc™color monitor. And whether your office PCs are running Hercules™, CGA, EGA or VGA this 
14" Ranasoniif monitor wiU display each to its best advantage. 

Of course, ffie PanaSync monitor is comfortable in virtually any IBM or Iwith an optional cable] Apple Mac™ n 
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Tilt/swivel stand. And text color switching from geeen to amber to paper \^te ^ ^ ^ 

in TTL modes. The affordable PanaSync C1391 monitor. The ffiture on disnlav. Computers, mnters, Copiers 

For more information, or the name of your authorized dealer, 
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IN DEPTH 
PUTTING DSPS TO WORK 


Adaptive filtering A class of filters 
whose coefficients are updated accord¬ 
ing to a performance criterion. 

All-pole model A system model 
whose characteristics are independent 
of the numerator, which is constant, but 
rather are a function of the poles in the 
denominator. 

Autocorrelation A mathematical 
representation of the degree of correla¬ 
tion between signal samples. 

Bilinear interpolation A method by 
which an interim missing sample is esti¬ 
mated as a combination of known adja¬ 
cent (i.e., in orthogonal directions) 
samples. 

Bit-reversed addressing An ad¬ 
dressing mode that facilitates in-place 
fast Fourier transform computations by 
reordering the addresses for input or 
output data in “butterf ly ” calculations. 

Bit-slice processors A group of gen¬ 
eral-purpose processors that allow for 
change in the data and instruction size 
by cascading several ICs. 

Circular addressing An addressing 
method in which recurrent data is read 
from the same memory locations previ¬ 
ously used, thereby reducing required 
memory size. 

Convolver A hardware device that 
performs convolution. 

Correlation The degree of interrela¬ 
tion between two signals. 


Glossary 

Correlator A hardware device that 
performs correlation. 

FIR filter Finite impulse response 
filter: a class of filters that have finite- 
duration unit-pulse response. The out¬ 
put of an FIR filter is a function of input 
data and filter coefficients only. 

Formants The resonance frequen¬ 
cies of the vocal-tract lube. 

Homomorphic analysis A nonlin¬ 
ear operation using the superposition 
property of convolution to extract the 
original components of a signal. 

I^C An industry-standard sertal-com- 
munications protocol developed by 
Philips Corp. 

HR filter Infinitenluration impulse 
response filter: Filters whose output is a 
function of input data, filter coeffi¬ 
cients, and previous output values. 

Ill-conditioned matrix A matrix 
whose determinant closely approaches 
zero. Therefore, small perturbations 
may cause the matrix to become nonin- 
vertible. 

Limit-cycle A problem associated 
with recursion, causing a filter to be¬ 
have in a nonlinear manner. 

Linear predictive analysis A tech¬ 
nique by which a signal sample j(n) is 
predicted from the sum of p linearly 
weighted previous values. 


Moments Statistical parameters that 
describe the shape of a distribution 
function. They are used in mechanical 
physics and image processing. 

Nyquist frequency Minimum sam¬ 
pling rate required to prevent aliasing 
(overlapping) of signal frequencies. It is 
greater than or equal to twice the maxi¬ 
mum input frequency. 

128-FIR An FIR filter with N= 128 
(128 “taps”). 

Parametric method Describing a 
signal in terms of a set of parameters. 

Pitch Fundamental frequency of the 
harmonics exhibited by the spectrum of 
the glottal-air volume and velocity. 

Quantizatioit error Error caused by 
representing a number with a limited 
number of bits, which results in reduced 
precision. 

Radix-2 FFT A fast Fourier trans¬ 
form algorilhin that uses two inputs and 
two outputs for each butterfly compu¬ 
tation. 

Short-time average magnitude A 
method of representing amplitude vari¬ 
ations of a signal segment in time do¬ 
main by summing the absolute values of 
intensities over a finite time interval. 

Time-dotnain convolution A pro¬ 
cess that modifies a signal by multiply¬ 
ing it with a function* followed by inte¬ 
gration over a specified time interval. 


increase the overall speed. Communica¬ 
tion between different modules can be¬ 
come a significant design hurdle in both 
software and hardware. 

Communication between several DSPs 
can be accomplished using a parallel 
port. Each DSP has a unique identifica¬ 
tion number represented in 4 bits. When 
the parallel port is receiving, it checks 
the first 4 bits of the data packet (unit 
identification). If the internal identifica¬ 
tion matches this ID number, then it re¬ 
ceives the nest of the information. In 
transmit mode, the DSP sends the ID 
number associated with the destination 
DSP, followed by the data. This opera¬ 
tion is called message passing. 


Maxiittum Flexibility 

Several ASIC DSP devices have been de¬ 
veloped for telecommunications, sound 
processing, and image processing. These 
devices provide maximum flexibility in 
system design: They are software-pro¬ 
grammable as well as hardware-recon- 
figurable. 

The floating-point capability of these 
devices provides superb quality of sound 
and images in existing applications and 
has paved the way for analyzing sound 
and Images as well. ■ 

Editor’s note: Various DSP assembly lan¬ 
guage programs are available on BIX. 
See page 5 for details. 
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This [sail 
the space 
you need 
to operate 
the new 
Micmsofi 
Mouse. 

I__ 


Here’s the first thing you should do with 
the new Microsoft®Mouse. 

Bring up the expanded control panel. 
Set it for “Fast!’ And then, with a very slight 
movement of your hand, 
watch the cursor scoot all the 
way across the screen. 

You’ll be hooked. 

And don’t worry about 
control. We upped the resolu¬ 
tion to an extremely accurate 
400 points per inch. In other 
words, the cursor practically 
reads your mind. 

enpanded amtrtd paneL ];i 0 lp even mOie with 

accuracy, the tracking ball is in fiont. And the 
patented design fits comfortably in your hand. 

What it all means is you get more out of 
your software. By being able to quickly and 
efficiently click through even the most sophis¬ 
ticated applications. 

In fact, we put OS/2 support in our up¬ 


graded driver. Making the Mouse ready for what¬ 
ever the future of so^are brings. 

To complete the package, you also get a 
choice of Microsoft Windows/^^^or Microsoft 
Fbintbrushrtwo valuable Mouse programs. 

So visit your Microsoft dealer for more 
details and a complete demonstration. 

Now, you may not want to let your boss 
know just how little room you need for a 
Microsoft Mouse. You could lose your shot at 
a bigger desk. - 
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The HP DeskJet PL 



300 DPI, inkjet 
printing. 


Sasjsi}* 


Whisper-quiet 



It prints copy that looks like 
a connect-the-dots game. 
And it sounds like a war 
zone. The dot matrix printer. 
Wlty put up with it? 

The HP DeskJet PLUS 
printer uses advanced ink¬ 
jet technology to deliver 



The $995* HP DeskJet PLUS printer. 















US vs. the dot 


printer. 


Connect the dots. 


Earplugs not included. 


Rubble, rubble 
everywhere. 


Speed: You're not 
getting any younger. 


laser-quality text and 
graphica It’s also compact. 
And very quiet. 

And at only $995, it could 
speU the end for most dot 
matrix printers. Because 
there’s hardly a printing job 
that DeskJet PLUS can’t do 


faster, quieter and better. It’s 
even reliable enough to carry 
a 20,000-hour MTBF rating. 

Of course, DeskJet PLUS 
works with all your major 
software and with any 
IBM-compatible PC So call 
1-800-752-0900, Ext. 712 J 


for your nearest authorized 
HP dealer and see for yourself. 

There’s no comparison. 

There is a better way. 

HEWLETT 
PACKARD 
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Introducirig a better 
way to protect your 

whole family 


New network savers 
from Emerson UPS 

However you use your network, a file 
server power problem can really ajst you. 
fii downtime. Lost ^ta 
And fiustnatioa 

That’s why we’ve intro¬ 
duced two new Novell- 
compatible uninterruptible 
power systems (UPS) designed specifi¬ 
cally to protect your file server, your whole 
network and your data 

They’re comiBct enough to fit under 
a desk. Fbwerful enou^ a file server 
or your enfe LAN—even those with 
multiple drives and terminals. 

Aind thQ?^’re priced less than even one 
hour of downtime. 

Available through ynur kxal OsirajutDriRoneer Tedinok^ies Group 

(8(X)) 227-1693^ Avnet COTputer Technokigies (800) 877-2226, 

RMA MioDtedi (314) 7^-0195. 


FOR L A N 

H o V I L L I A » s 

TESTED AND 
APPROVED 

Ma C Ompo hbl* 







Mast important tiie UPS 600 and 
UPS 12^ come from Emerson, the 
most reliable name in amputer power 
protection. Backed 
by a network of 
support from local 
dekers and distrit 
utots. And nation¬ 
wide service 
from the leading 
supplier of UI% 
systems. 

See how easy it can be to 
protect your whole family Just call us at 
1-800-Back-UPS tod^ 

EMERSON UPS 

We protect the ones you love. 
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IN DEPTH 

SOUND AND IMAGE PROCESSING 


Beyond Pattern 
Recognition 

Practical voice-to-text systems rely as much on 
knowledge engineering as on speech-recognition technology 

Raymond Kurzweil 



C reating written 
documents is an 
activity practiced 
by almost every¬ 
one in offices, schools, and 
homes. Tens of billions of 
dollars are spent each year in 
creating original written 
works, from interoffice mem¬ 
oranda to multi volume refer- 
ence works. In fact, just copy¬ 
ing all these documents is a 
$25-billion-a-year industry. 

For most people, creating 
written documents is an ardu¬ 
ous task. Automating this task 
by dictating to a computer- 
based machine and seeing it 
appear on-screen has obvious 
advantages over conventional 
methods in terms of speed, 
accuracy, and convenience. 

A substantial part of many 
professionals’ jobs involves 
creating routine reports, in¬ 
cluding memos, letters, and 
E-maiL A routine report dif¬ 
fers from other documents in that it has a 
predictable—but not rigid—structure and 
an internal logic to its organization. The 
underlying framework of structure and 
logic can be exploited in the design of an 
automated voice-to-text system. 

Hunt and Peck 

Current methods for text creation are 
fundamentally inefficient and often in¬ 


adequate for the job. The vast majority of 
professionals do not possess good typing 
skills; they must choose between hand¬ 
writing, hunt-and-peck typing, or dictat¬ 
ing to tape. All these approaches have 
obvious 1 i m italion s. 

Writing drafts by hand or by hunt-and- 
peck typing is slow; actual throughput is 
generally under 10 words per minute. 
Then comes the time-consuming cycle of 


correction and editing as the 
draft is typed or entered into a 
word processor. Errors are 
often introduced due to poor 
legibility. Turnaround time 
can be days, depending on the 
number of correction cycles 
and the typist’s workload and 
knowledge level. 

When dictating to a secre¬ 
tary or tape, most people find 
it difficult to create text be¬ 
cause they can’t see what they 
are doing. It's hard to create a 
document of even moderate 
complexity without being able 
to view the text that has al¬ 
ready been composed. In ad¬ 
dition, conventional dictation 
requires substantial clerical 
time, as well as foUow-up edit 
and review by the text creator. 
Skilled transcriptionists, es¬ 
pecially those in the medical, 
legal, or technical fields, are 
increasingly hard to find. 
Transcription costs—particu¬ 
larly during evenings, vacations, and 
weekends—can be prohibitive. 

Look Ma, No Keyboard 
Report creation on a computer screen 
with automatic speech recognition 
(ASR) technology provides significant 
productivity gains compared with the 
other methods available. 

continued 
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Now you can eliminate 90% of your 
batch file problems for $99.95. 

The Builder™ is the fet compiler that 
transforms sluggish batch files into blazingly 
fast .COM and .EXE files, htot only does it 
give you turbo language speed, it extends 
the DOS batch language with over 50 new 
commands and keywords. 

For example, menu commands like 
DropDom, PopUp, and LookAndFeel 


are built into the language, so you can 
quickly produce an unlimited nunfaer of 
programs, and distribute as many copies 
as yw wish. 

The Buiidff also includes a powerful 
editor to provide an integrated development 
environment. 

And it’s the perfect tool for creating 
installation scripts. The Builder has DOS 
dexterity that BASIC and C can’t match. 


And its small compiled code size won't hog 
memory or disk space. 

M/hat’s more, by compiling a program 
with The Builder before you distribute it, 
youll h^ bulletproof security. 

Don't keep bitchii^ about batch. Order 
The Builder today. 

Call T800-873-9993 for complete 
de^s. Visa and Masteroard are welcome, 
Shippirtg and handling are fiee. 



What batch files should have been in 



the first place. 
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IN DEPTH 

BEYOND PATTERN RECOGNITION 


AN ASR-GENERATED MAMMOGRAPHY REPORT 




SAY 

DISPLAY 

'“todiiy's date'’ 

''nianiTriography'' 

''btEatenil’ 

4/11/1989 MAMMOGRAPHY 
(bilateralj 


A low-dose film technique was used. 
Cephalocaudad and modifed 
lateral viuws were obtained* 

‘'diffuse nodularity" 

Both breasts show a very prominent 
duct pallcm with diffuse nodulaTity 
ihroughouL Such diffuse nodularit>' 
makes the breasts difticiiU to 
evaluate. 

"no focal lesions'' 

There are no domijiant masses or 
clustered calcifications on cither 
side. 

"obtain outside study ’ 

'fhe patient gives a history of pre¬ 
vious mammography elsewhere. If 
these could be obtained for com¬ 
parison, it would be helpful to ex* 
elude any mterval change. 

"signature'' 

John H. Jones* M,D. 9:18:22 

5/25/19S9 1 

1 





Using automatic speech recognition (ASR)^ creating this routine mammography 
report required less than 30 seconds and onty eight spoken words and phrases. 


The spoken word is probably the most 
powerful mode of communication. It is 
the first method you learn, and human 
factors studies confirm that it is by far 
the most rapid form of communication* 
Creating reports with ASR combines 
the speed advantage of dictation with the 
immediate inspection and correction of 
handwriting. It is four to six times faster 
than writing drafts by hand or hunt-and- 
peck typing* Even for the minority of 
professionals who type well, ASR is a 
faster way to get the report-writing job 
done. It eliminates all the follow-up steps 
because a final report—the ultimate 
goal—can be created in a single step* 
ASR report creation eliminates the cost 
of transcription and is available around 
the clock, seven days a week* 

ASR report creation is of special value 
to people hampered by such transcrip¬ 
tion problems as high cost, slow turn¬ 
around, and poor overall report quality. 
Two fields where ASR has been put to 
outstanding use since 1987 are radiology 
and emergency medicine* See the figure 
for an example of a routine medical re¬ 
port that can now be created in less than a 
minute using voice technology* 

The potential for large-vocabulary 
ASR is enormous given the number of 
people who regularly produce routine re- 
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ports. Other likely application areas for 
early implementation of ASR include pa¬ 
thology and surgical notes in health care, 
law, and certain financial services, such 
as real estate and insurance* 

Speech Facts 

Speech is created by the human vocal 
tract which, like a complex musical in¬ 
strument, has a number of different ways 
of shaping sound. The vocal cords vi¬ 
brate, creating a distinctively pitched 
sound. The length and tautness of the vo¬ 
cal cords determines the pitch in the 
same way that the length and tautness of a 
violin or piano string determines its 
pitch. You can control the tautness of 
your vocal cords, giving you the ability 
to sing* You shape the overtones pro¬ 
duced by your vibrating vocal cords by 
moving your tongue, teeth, and lips, 
which has the effect of changing the vo¬ 
cal tract’s shape. 

The vocal tract is a chamber that acts 
like the pipes in a pipe organ; the har¬ 
monic resonances emphasize certain 
overtones while diminishing others. You 
also control a small piece of tissue called 
the alveolar flap ^ which opens and closes 
the nasal cavity* When the alveolar flap 
is open, the nasal cavity provides an 

continued 
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SOFTWARE 
SAMPLER CLUB 

is giving away 

$250,000.00 
in Bonus Gifts 

to SSC members before Dec. 31, ’89 


If you own an IBM PC/AT/386 or 
Compatible cximputer, you must 
join the Software Sampler Club. 

As an SSC member, you can 

* Save thousands of dollars on 
your commercial software 
purchases. 

* Inftuence the develcpment of 
future software products. 

* Receive FREE SOFTWARE and 
SSC NEWS. 

* fle accurately informed about 
new software being marketed. 


Yes, I want more information about 
Software Sampler Club. 

Please send me: 

[ ] SSC Demo diskette 

[ ] SSC IBM PC Software Product 
Catalog 

FREE - NO OBLIGATION 

Name:_ 

Address:_ 

City:_ 

State:_Zip; 

Telephone; __ 


Software Sampler Club 

16580 Harbor Bfvd*, Ste, D, 

Fountain Valley, CA 92708 

(714) 775-0695, Fax: (714) 531-8546 


Attention: Computer Dealers please ask 
us about our '*SSC Authorized Dealer 
Guaranteed Sates*' program. 
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4 megabytes of memory. 

Extended and expanded memory. LIM 4.0. 
Works with all of your programs. 

Run DOS or OS/2 effortlessly. 

Fast and simple switchless installation. 
Auto-configuration for all operating systems. 
Works in all Micro ChanneF” computers. 
Expanded memory 10 times faster than Intel. 
Risk free guarantee. Two year warranty. 
IBM approved ID. $349 OK. 

Call today 1-800-234-4232 or 617-273-1818 



Capital Equipment Corp. 
Burlington, MA. 01803 
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additional resonant chamber similar to 
the opening of another or^an pipe. 

In addition to the pitched sound pro¬ 
duced by the vocal cords, you can pro¬ 
duce a noise-like sound by the rush of air 
through the speech cavity as well as by 
the action of your longue and lips. This 
sound doesn’t have specific overtones 
but is, rather, a complex spectrum of 
many frequencies mixed together. Like 
the musical tones produced by the vocal 
cords, these noise sounds are also shaped 
by the changing resonances of the mov¬ 
ing vocal tract. 

The elements of your vocal tract allow 
you to create the varied sounds that com¬ 
prise human speech. While many ani¬ 
mals communicate with others of their 
species with sound, humans are unique 
in their ability to shape sound into lan¬ 
guage* Vowel sounds (ahh, eee, etc.), for 
example, are produced by shaping the 
overtones from the vocal cords into dis¬ 
tinct frequency bands called formams. 
Sibilant sounds (j, etc.) are created by 
the rush of air through particular config¬ 
urations of tongue and teeth* Plosive con¬ 
sonants ip, [, k, etc.) are transitory 
sounds created by the percussive move¬ 
ment of lips, tongue, and mouth cavity. 
Nasal sounds (n and m) are created by 
resonances of the nasal cavity* 

Each of the several dozen basic 
sounds, called phonemes, requires an in¬ 


tricate movement involving precise coor¬ 
dination of the vocal cords, alveolar flap, 
tongue, lips, and teeth. Humans typical¬ 
ly speak about three words per second, 
so, with an average of six phonemes per 
word, you make about 18 complex pho¬ 
netic gestures each second* You do this 
without thinking about it, of course: 
Thoughts remain on the conceptual (i,e*, 
highest) level of the language hierarchy. 
You did, however, think a lot about how 
to make speech sounds—-and how to 
string them together meaningfully—in 
the first two years of life. This is another 
example of the sequential (logical) con¬ 
scious mind training our parallel (pat¬ 
tern-recognition) mind* 

The mechanisms described above for 
creating speech sounds—vocaLcord vi¬ 
brations, the noise of rushing air, articu¬ 
latory gestures of the mouth and tongue, 
the shaping of the vocal and nasal cavi¬ 
ties—produce different rates of vibra¬ 
tion. A physicist measures these rates of 
vibration as frequencies; humans per¬ 
ceive them as pitches. So, while speech 
is considered to be a single time-varying 
sound, it is actually a composition of 
many different sounds, each of which has 
a different frequency or pitch. 

Automated Listening 

With this insight into how human speech 
works, most ASR systems start by break- 
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ing up the speech waveform into a num¬ 
ber of diffeient frequency bands* A typi¬ 
cal commercial or research ASR system 
will produce between three and several 
dozen frequency bands. The *Tront end” 
of the human auditory system does exact¬ 
ly the same thing. Each of the nerve end¬ 
ings in the cochlea (inner ear) responds 
to different frequencies and emits a 
pulsed digital signal when activated. 
Overall, the cochlea differentiates sev¬ 
eral thousand overlapping frequency 
bands, giving the human auditory system 
its extremely high degree of sensitivity to 
frequency. Experiments have shown that 
increasing the number of overlapping 
frequency bands in an ASR system—and 
thus bringing it closer to the human audi¬ 
tory system—substantially increases the 
ability of that system to recognize human 
speech. 

Typically, parallel processing is used 
in this front-end frequency analysis, al¬ 
though not as massively as in vision sys¬ 
tems, since the quantity of data is much 
smaller. (To approach the thousands of 
frequency bands used by the human au¬ 
ditory system would require massive par¬ 
allel processing.) Once the speech signal 
has treen transformed into the frequency 
domain, it is normalized (adjusted) to re¬ 
move the effects of loudness and back¬ 
ground noise* At this point, the system 
can detect a number of features of the 
frequency-band signals, as well as con¬ 
sider the problems of segmentation and 
labeling. 

One popular detection technique is 
minimal property extraction. The fea¬ 
ture set can be either the normalized fre¬ 
quency data itself or various transforma¬ 
tions of this data. In matching such 
minimal property sets, the system needs 
to consider the phenomenon of nonlinear 
time compression. When you speak, you 
change your speed, depending on context 
and other factors. If you speak a word 
more quickly, you do not increase the 
rate evenly throughout the entire word. 
The duration of certain portions of the 
word, such as plosive consonants, will 
remain fairly constant, while other por¬ 
tions, such as vowels, will undergo most 
of the change. 

In matching a spoken word to a stored 
template, the system needs to align the 
corresponding acoustic events, or the 
match will never succeed. This problem 
is similar to matching visual cues in fus¬ 
ing the stereo images from your two 
eyes. A mathematical technique called 
dynamic programming has been devel¬ 
oped to accomplish this temporal align¬ 
ment. 

High-level features are also used in 
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8 Mbytes of memory + 2 serial ports. 
Extended and expanded memory, LIM 4.0. 
Works with all of your programs. 

Run DOS or OS/2 effortlessly. 

Fast and simple switchless installation. 
Auto-configuration for all operating systems. 
Works in all Micro ChanneF” computers. 
Expanded memory 10 times faster than Intel. 
Risk free guarantee. Two year warranty. 
IBM approved ID. Best price. Fast delivery. 
Call today 1-800-234-4232 or 617-273-1818 
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ASR systems. Speech is made up of 
strings of phonemes, which comprise the 
basic '‘alphabet” of spoken language. In 
English, there are about 16 vowel and 24 
consonant sounds; for the most part, the 
Japanese language uses only five vowel 
and 15 consonant sounds. The nature of a 
particular phoneme—such as ahh —is an 
abstract concept, just as the inherent na¬ 
ture of a printed character—such as A— 
cannot be simply defined. Identifying 
phonemes in human speech requires in¬ 
telligent algorithms and recognition of 
high-level features similar to the recog¬ 
nition of the loops and concavities found 
in printed characters. 

The task of segmenting speech into 
distinct time slices representing different 
phonemes is also formidable. The time- 
varying spectrum of frequencies charac¬ 
terizing a phoneme in one context may be 
dramatically different in another. In 
fact, in many instances, no time slice 
corresponding to a particular phoneme 
can be found; the phoneme is detected 
only by the subtle influence it has on pho¬ 
nemes around it. 

As in vision and character recogni¬ 
tion, both high- and low-level features 
have value in speech-recognition sys¬ 
tems. In recognizing a relatively small 
vocabulary (e.g., a few hundred words) 
for a single speaker, low-level feature de¬ 
tection and template matching—using 
dynamic programming—is usually suf¬ 
ficient. Most small-vocabulary tech¬ 
niques use this approach. For the more 
advanced systems, a combination of 
techniques is usually required—general¬ 
ly multiple experts and an expert man¬ 
ager who knows the strengths and weak¬ 
nesses of each. 

High-level context experts are also 
vital for large-vocabulary systems. For 
example, phonemes must appear in a cer¬ 
tain order; many sequences are impossi¬ 
ble to articulate (try saying More 

important, only certain phoneme se¬ 
quences will correspond to a word or 
word fragment in the language. On a 
higher level, the syntax and semantics of 
the language put constraints on possible 
word orders. While the set of phonemes 
is similar from one language to another, 
context factors differ dramatically. En¬ 
glish, for example, has over 10,000 legal 
syllables, whereas Japanese has only 
120 . 

Learning is also vital in speech recog¬ 
nition. Adaptation to the particular char¬ 
acteristics of each speaker is a powerful 
technique in each stage of processing. 
Learning must take place on a number of 
different levels: the frequency and time 
relationships characterizing each pho¬ 


neme, the dialect (pronunciation) pat¬ 
terns of each word, and the syntactic pat¬ 
terns of possible phrases and sentences. 

Speech recognition encompasses the 
full paradigm of pattern recognition: 
parallel processing in the front end, seg¬ 
mentation and labeling, multiple experts 
on both high and low levels, expert man¬ 
agement, disambiguation by context ex¬ 
perts, and learning from actual recogni¬ 
tion examples. But while the paradigm is 
the same, the content is dramatically 
different. Only a small portion of the 
technology in a successful ASR system 
consists of classic pattern-re cog nit ion 
techniques; the bulk of it consists of ex¬ 
tensive knowledge about the nature of 
human speech and language—the shape 
of speech sounds and the syntax, seman¬ 
tics, and phonology of spoken language. 

ASR Parameters 

Three fundamental attributes character¬ 
ize a particular ASR system: vocabulary 
size, training requirements, and ability 
to handle continuous speech. 

Vocabulary size indicates the number 
of different words that a system can han¬ 
dle at one time. Text creation requires a 
large basic vocabulary as well as the abil¬ 
ity to add additional words to the active 
personal vocabulary of each user. For 
most applications other than free-form 
text creation, small vocabularies suffice. 


Most ASR systems require you to train 
the system on your own particular pro¬ 
nunciation patterns. Typically, you pro¬ 
vide the system with one or more spoken 
samples of each word in the vocabulary. 
However, for large-vocabulary systems, 
speaking every word in the vocabulary is 
often not practical. It is preferable that 
the ASR system can infer how you are 
likely to sound words that you have never 
actually spoken to the machine. Then, 
you need to train the system on only a 
subset of the full vocabulary. 

Some small-vocabulary systems have 
been preprogrammed with all the dialec¬ 
tic patterns anticipated from the popula¬ 
tion expected to use the system and thus 
don’t require any prior training by each 
user. This capability, called specter in¬ 
dependence^ is generally required for 
telephone-based systems where many 
users can access a single system. 

Most commercial systems to date re¬ 
quire you to speak with brief pauses— 
usually around 100 milliseconds—be¬ 
tween words. This helps the system make 
a crucial segmentation decision—where 
words start and end. Speaking with such 
pauses reduces the speed of a typical 
speaker by 20 to 50 percent, ASR sys¬ 
tems that can handle continuous speech 
exist, but they are currently limited to 
small vocabularies. Continuous-speech 
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The Translating Telephone 


S omeday, you will be able to call 
anyone in the world and talk—re¬ 
gardless of the language the other per¬ 
son speaks* Three technologies are nec¬ 
essary to bring this about: automatic 
speech recognition (ASR), language 
translation, and speech synthesis. Alt 
three exist today, but not nearly in suf¬ 
ficiently advanced form. 

The Holy Grail of ASR would feature 
a large, relatively unrestricted vocabu¬ 
lary; it would accept continuous speech 
input; and it would provide speaker in¬ 
dependence (ix*, the system would not 
need to be trained by each user). ASR 
would have to attain this level to imple¬ 
ment a translating telephone. 

Conceivably, speaker independence 
could be eased into early versions of this 
system. Users of this capability might 
be willing to spend 15 minutes or so 
training the system on their voices. Such 
enrollment would be required only 
once. Combining the first two ele¬ 
ments—large vocabulary and continu¬ 
ous speech—will take us to the early 
1990s. Adding speaker independence 
will take us later into that decade. 

Language translation would require 
only the ability to translate text, not 
speech, since the ASR technology 
would be translating the speech input 
into written language. The language- 
translation capability would not require 
literary-quality translations, but it 
would have to perform completely unas¬ 
sisted. Language-translation systems 
today require human assistance. Com¬ 
pletely automatic translation of suffi¬ 
cient quality will probably become 


available around the same time that the 
requisite ASR is available. 

Every pair of languages requires dif¬ 
ferent software, and, indeed, going 
from French to English is a different 
problem than going from English to 
French. While many aspects of transla¬ 
tion will be similar from one set of lan¬ 
guages to another, language-translation 
technology will vary in quality and 
availability, depending on the languages 
involved. 

Speech synthesis is the easiest of the 
three technologies required by the 
translating telephone. In fact, it is avail¬ 
able today. While not entirely natural, 
speech generated by the better synthe¬ 
sizers is quite comprehensible without 
training. Naturalness is improving, and 
speech-synthesis systems should be en¬ 
tirely adequate by the lime the neces¬ 
sary ASR and language-translation sys¬ 
tems are available. 

Thus, you could expect translating 
telephones with reasonable levels of per¬ 
formance for at least the more popular 
languages soon after the turn of the cen¬ 
tury. With continuing improvements in 
performance and reductions in cost, 
such services could become widespread 
by 2010* 

The impact will be another major 
step in achieving the “global village“ 
envisioned by Marshall McLuhan in 
1968, Overcoming the language barrier 
will result in a more tightly integrated 
world economy and society. We will be 
able to talk more easily to more people. 
Of course, our ability to misunderstand 
each other will remain unimpaired. 


systems that can handle large, relatively 
unrestricted vocabularies are expected 
by the early 1990s. 

Other characteristics that are impor¬ 
tant in describing practical ASR systems 
include accuracy rate, response time, 
immunity to background noise, require¬ 
ments for correcting errors, and integra¬ 
tion of the speech-recognition capability 
with specific computer applications. The 
significance of these characteristics can 
be surprising. Take, for example, accu¬ 
racy rate and error-correcting require¬ 
ments, After extensive observation of 
users of an ASR radiology reporting sys¬ 
tem, designers concluded that users pre¬ 
fer —perceive as more accurate-^B. 
system that is 95 percent accurate but 
whose errors can be easily corrected. 


over a 98-percent-accurate system whose 
errors require much more time and effort 
to correct. 

Equally surprising are the problems 
that occur in integrating speech-recogni¬ 
tion capability with specific computer 
applications, such as medical-report gen¬ 
eration. First of all, it is generally not de¬ 
sirable to simply insert a speech-recog¬ 
nition system as a front end to ordinary 
computer applications. The human-fac¬ 
tors requirements for controlling com¬ 
puter applications by voice are substan¬ 
tially different from those of more 
conventional input devices, such as key¬ 
boards. The design of the overall system 
needs to take this into account* For the 
integration of ASR with report-genera¬ 
tion applications in particular, a proce¬ 


dure known as knowledge engineering is 
almost indispensable. 

Enter Knowledge Engineering 

At the beginning of the systems develop¬ 
ment process, a knowledge engineer in¬ 
terviews the appropriate domain ex¬ 
perts—individuals with expertise in a 
particular profession, such as medicine 
or law. The knowledge engineer writes 
down the relevant knowledge, vocabu¬ 
lary, and decision-making rules used by 
that human expert. The result would be a 
knowledge base that includes the words, 
phrases, and underlying logic used by a 
particular profession* 

While human experts can solve prob¬ 
lems within their domains of expertise, 
they often cannot explain the steps they 
follow to accomplish these tasks. The 
skill required of the knowledge engineer 
is to extract and codify the decision¬ 
making process from the domain ex¬ 
perts, despite their not being consciously 
aware of mai^ elements of this process. 

Once the knowledge base is designed, 
end users, such as doctors, lawyers, or 
other professionals with little or no previ¬ 
ous computer experience, can use voice 
input to generate routine reports in a way 
that reflects their normal approach to 
these tasks. The knowledge base allows 
end users, with little or no typing or com¬ 
puter experience, to use voice produc¬ 
tively* By capturing knowledge of the ap¬ 
plication in the system, the user is free to 
concentrate on the job at hand. The sys¬ 
tem knows the basic framework of the 
task to be performed. This matches the 
way most professionals already work 
with their secretary or transcriptionist. 

Building a knowledge base for voice 
reporting required developing these 
components: domain-specific vocabu¬ 
laries, trigger phrases, and an underly¬ 
ing logical framework* 

Domain-Specific VocabuJaries 

According to vocabulary studies done by 
Kurzweil Applied Intelligence (which 
develops voice-to-text medical reporting 
systems) as well as other published stud¬ 
ies, typical text creators use vocabularies 
of less than 10,000 words in their written 
work in a given profession* The actual 
words vary by field (e*g*, doctors, law¬ 
yers) and by individual specialties within 
those fields (e.g., within radiology: 
neuroradiology, mammography, and 
chest x-ray). 

With the current speaker-dependent 
technology, you must train the system 
with all the words you will be using, al¬ 
though algorithms have been developed 
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that can reduce voice training by at least 
one order of magnitude. Part of knowl¬ 
edge engineering involves determining 
which words should be provided in the 
starting core vocabulary. 

A knowledge engineer can maximize 
the vocabulary coverage—-that is to say, 
the probability that the word spoken is in 
the active vocabulary—by including the 
words most frequently used by the par¬ 
ticular end user. By starting with the 
right set of words, end users can do their 
work with minimal interruption. A vo¬ 
cabulary can be easily customized to 
meet individual needs and style by add¬ 
ing or modifying words as needed. 


Trigger Phrases 

A single spoken word or phrase can 
“trigger” an entire predefined report 
segment, with fill-in-the-blank capabil¬ 
ity for customization. For example, in a 
medical report, time-saving triggers 
allow the doctor to speak a single word or 
short phrase, such as “soft-tissue swell¬ 
ing,” to place a predefined definitive re¬ 
port entry of many words on the screen. 

Using trigger phrases in combination 
with word-by-word dictation provides the 
flexibility to generate complete custom 
reports quickly by using just a few spo¬ 
ken words. 

Trigger phrases and their translations 


can be customized for each individual 
with a trigger editor. You can define new 
trigger phrases by specifying a trigger 
phrase name and the appropriate transla¬ 
tion. Triggers can also include multiple 
choices of alternatives embedded within 
them, as well as additional specificity in 
a highlighted fill-in-the-blanks field. 
You can fill in these fields using either 
word-by-word dictation or other triggers, 
allowing the nesting of trigger phrases. 

Underlying Logical Framework 
Every report has a structure with a pre¬ 
dictable sequencing of information. The 
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underlying logical framework compo¬ 
nent of the knowledge base must capture 
this information flow. 

For example, in a voice-to-text medi¬ 
cal reporting system, the emergency 
medical report might begin with the 
name of the complaint. Then the doctor 
would describe one or more of the follow¬ 
ing; past medical history, other symp¬ 
toms, social and family history, and 
allergies. 

Using a voice-to-text reporting system 
that incorporates a reporting hierarchy 
into its software, an emergency medical 
doctor would irove through the text on 
the screen section by section, inserting 
the appropriate information or choosing 
from lists of options. Generating the re¬ 
port is simplified by the fact that the un¬ 
derlying framework defines the format 
for each report segment, including tabs, 
spaces, and margin settings. 

Since the system knows which exam 
has been chosen at any given time, a spo¬ 
ken word, such as ‘‘normal/' can have 
different translations that vary as a func¬ 
tion of the initial complaint. “Normal” 
means something quite different in an 
ear exam than it does in an eye exam. 
The system keeps track of the context. 

Furthermore, if a patient came to the 
emergency room complaining of a head¬ 
ache, the program would prompt the doc¬ 
tor to describe the location of the head¬ 
ache, whether there is blurred vision, 
and, if so, for how long. It will not 
prompt him to indicate, for example, 
swelling in the lower leg, chronic back 
pain, or other symptoms not normally 
associated with a headache. In this way, 
the system actually guides the doctor 
through the reporting process. 

It is important to realize that, within 
the rules, there is tremendous flexibility. 
For example, in sections of the report 
where the predefined triggers are too 


limiting, the doctor can use word-by- 
word dictation. The doctor can also edit 
the report by voice. 

Capturing the underlying logic is per¬ 
haps the most difficult step in the knowl¬ 
edge-engineering process, but it is criti¬ 
cal in building a system that is natural 
and fast for the end user. 

Digital Interfacing 
Routine reports—along with phone calls 
and meetings—are key tools for commu¬ 
nication. Besides making the creation of 
these reports faster and more efficient 
than ever before, ASR has an added ben¬ 
efit: Because voice-generated reports 
can be stored and transmitted in a digital 
format, it is now possible to distribute the 
reports electronically within and among 
organizations faster than was previously 
possible. This is being done by intercon¬ 
necting ASR systems to advanced, orga¬ 
nization-wide information systems. 

In the past, a radiological report might 
be dictated to tape and then transcribed 
by a skilled clerical worker, often with a 
delay of several days. Meanwhile, a re¬ 
ferring physician—who needs the report 
fast to pursue urgent treatment—might 
be forced to proceed on the basis of a ver¬ 
bal or scribbled handwritten report from 
the radiologist. By the time it becomes 
available, the typed report might be just 
an administrative formality. 

By interconnecting an ASR system to a 
hospital information system, physicians 
at some U.S. hospitals have completed 
voice-generated reports printed out on 
their patients* floor as soon as the radiol¬ 
ogists, working in their departments, 
have finished reading the films. This 
rapid availability of printed reports elim¬ 
inates disruptive “call backs”—when re¬ 
ferring physicians who can't wait for 
typed reports call radiology departments 
to gel urgently needed results. 


In a further refinement designed to 
tighten a hospital's information loop, the 
radiological report—entered on an ASR 
system and stored as a computer file- 
can be converted into synthetic speech 
and read back over the phone to referring 
physicians who call in for results. 

Visions of the Future 

While ASR systems continue to fall far 
short of human performance, their capa¬ 
bilities are rapidly improving, and com¬ 
mercial applications are taking root. As 
of 1987, there were ASR systems that 
could either recognize a large vocabulary 
(10,000 words or more), recognize con¬ 
tinuous speech, or provide speaker inde¬ 
pendence {no user training). None, how¬ 
ever, could provide more than one of 
these capabilities at a time. 

By the early 1990s, I expect it to be 
possible to combine two of these attri¬ 
butes in the same system. In other words, 
you will see large-vocabulary systems 
that can handle continuous speech while 
still requiring training for each speaker; 
there will be speaker-independent sys¬ 
tems that can handle continuous speech 
but only for small vocabularies; and so 
on. The Holy Grail of speech recognition 
is to combine all three of these abilities, 
just as humans do. (See the text box “The 
Translating Telephone” on page 284.) 

The combination of ASR and knowl¬ 
edge engineering is a practical reality to¬ 
day. And in the future, you can expect to 
see many more applications of this tech¬ 
nology. ■ 


Raymond Kurzweil is chairman and CEO 
of Kurzweil Applied Intelligence, Inc. 
(Waltham, MA). He holds a B.S. from 
MIT. He was named Inventor of the Year 
by MIT and the Boston Museum of Sci¬ 
ence. He can be reached on BIX do 
"editors. ” 


VIDEO FRAME GRABBERS 


Turn your PC into a powerful immaging workstation with a Video Frame 
Grabber by High Res Technologies 



Imaging boards 
that measure 
UP! 


Take 
Tibur Choice 
From Four Models 


WHRT 


High Res l^hnologies 


P.O. Box 76, Lewiston, NY. 14092 

Phone' 416 4^^93 41J6-497-19S8 


Model Resolution Input Price 

HRT 256-4 25€)( 256 x 4 B&W 495 

HRT 256-0 256x256xS B&W 795 

HRT 512-0 512x512x0 S&W m 

HRT 512-24 512x 512x24 Colnr 1995 

• IBM PtyXT/flT CofTipaUbte 

• CaptuiB El fleaJ Ti™, 1/30 sec/^me. 1/60 
sec/fieW 

• NTSC {U.S.) & Rfti (Eympear) CDmp3tj1bi& 

« Output look Up Table 

• Full trretfit on upgrade purchase in Rrst yaar r^um 
old board and just pay cTifta ranee 

• Software library of image aiaJysis TouBfies, iiF 
ataJialion, demo and irtimles all lictuded free. 

• Froe software upgrades to registered owners 



See how HRT cm 
suits for you. Talk 
application specialist today. 
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Parallel 

Processing! 


The \/V6rld's Most Popular ^ 

Transputer Development System \ 

SI nee 1986. the M ic ro Way M onoputer has V 
become the favorite transputer develop- 
ment system, with thousands in use world- \ 
wide Monoputer/2 extends the original 
design from 2 to 16 megabytes and adds 
an enhanced DMA powered interface. The 
board can be used to develop code for 
transputer networks or can be linked with other 
Monoputers or Quadputers to build a transputer 
network. It can be powered by a 20 or 25 MHz 
T800 and is priced from $1295. 

L^nguag^ 

Fortran and C Make Porting a Snap! 


Mainframe Power For Your PC 

‘h 

MicroWay's Quadputer is the most versatile 
multiple transputer board on the market 
today. Each processor can have 1. 4 or 
B megabytes of local memory. In 
i ^ addition, two or more Quadputers can 

be linked to build large systems. One 
MicroWay customer reduced an 8 hour 
mainframe analysis to 15 minutes with five Quadputers* giving 
him realtime control of his business. Quadputer is priced from $1995. 




Microway stocks parallel languages from 3U Logical Systems and 
Inmos. These include one Fortran, two Cs. Occam, Pascal, and 
Ada. We also stock NAG libraries tor the T800 and ParaSoft's 
debugger profiler, and Express Operating Environment A single 
T800 node costs $2,000, yet has the power of a $10,000 386/1167 
system. Isn't it time you considered porting your Fortran or C 
application to the transputer? Ifs easier than you think! 

For further information^ please call MicroWay’s Technical Support 
staff at (508) 746-7341. 


finite Element Analysis Running on the Quacfpufer 

One of the most fruitful areas for parallel processing is finite element 
analysis. Problems which can be broken into small pieces run 
naturally on systems built up of many processors. COSMOS/M 
running on a Quadputer took just 300 seconds to solve a problem which 
ran in 12,000 seconds on an AT. Even very large mainframe problems 
run fast on the Quadputer: a system with 12,000 degrees of freedom 
took just 806 seconds while another that had 23,000 DOF ran in just 
40 minutes. Contact MicroWay for Information on COSMOS/M. 


Micro 

yiSN 
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No posix 

compliance 



SUN 


No symmetric 
multiprocessing 


No commerciaigrade 
file system 


No system under 
$700/MIPS 



DEC 


No symmetric 
multiprocessing 
currently available 


NOsy stem under 
$700/MIPS 


No multi-vendor 
binary compatibility 


No open I/O 
bus ocross product line 



No RISC system 
under $ 1000/MIPS 

No sinole compatible 
RISC architecture 

No POSIX 
compliance 


No desktop 
RISC system 


AViiON and OG/UX Ofe iradeirorlu of Dolci General 
UNIX is a registered trodemark of AT&T, 

OSF/MDtrf IS □ hodemork of Ihe Open Software Foundotioo. 
NTS is o tTodemark of Sun Microsystems. 

©1 9B9 Data Generol Corporation. 


The obove componative product dota is based on industry newslelief$^ 
industry onoiyst injormotiDn, warvdor prica lists, vendor advertising 
materiolj oncf other materkif ovaiiable os of September 7, 1989. 

Tor o listing of infornnotion sources, pleose write Advertising, M.S. 9/S, 
Data General Corporation, 34CX} Computer Drive, S^stboro, MA 01580. 





WORKSTATION, 
SERVER & MUm-USER 


COMMERCIAL-GRADE 
FIL£ SYSTEM 


SIGNIFICANT 
BERKELEY EXTENSIONS 


SYMMETRIC 

MULTIPROCESSING 


MOTOROLA 88K 
RISC CHIP 









MULTI-VENDOR 
BINARY COMPATIBILITY 
(880PEN BCS) 



STARTING AT 
$500/MIPS 


FULL SYSTEM V.3 
IMPLEMENTATION 


Data Generars new AViiON Family. 


Data General's new AViiON’*' Family 
and the DG/UX’" operating system ^ve 
UNIX® users what no 'Eunudis" system 
can; more openness, more valueadded. 

Our RISC-based AViiON Family’s 
advanced implementation of UNK 
supports standards like System V,3, POSK, 
Berkeley, ANSI C, 88open BCS, NFS™, 
TCP/IP, IBM SNA, VME, X-Windows, 


OSF/Motif™ and more. 

And we’ve en^eered advanced 
commerdal-^ade features into EXj/UX, 
such as a hi^Iy reliable file system, fully 
symmetric multiprocessing, and process 
scheduling that supports large user 
counts. What’s more, you can take 
advantage of these important features 
without modifying your application. 


because DG/UX added value is trans¬ 
parent to the appUcation. 

But don’t take our word for it. Call 
1-80(H)ATAGEN today and we’U send you 
a free copy of “What the Experts say about 
Data General’s UNIX-based RISC Family." 
Or write to: 

I r Data General 

3400 Computer Drive, Westboro, MA 01580 


FOR YOUR FREE "WHAT THE EXPERTS SAY" BOOKLET, CALL 1-800-DATA6EH. 
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The Era of the 
Personal Workstation 


W hen in 1981 the first personal com¬ 
puter from IBM was introduced to 
the market, no expert predicted it’s suc¬ 
cess. After only one year, this computer 
set a new standard, the PC standard. Of 
course, there were other computers, like 
the Apple II, Some of these computers 
were faster and more reliable than the 
IBM PC. But the standard was set by this 
machine. And it was set by the users, 
who bought this computer and deman¬ 
ded applications, programs, peripherals 
and services. A whole industry grew up 
with this one machine. The personal 
computers of today are the great-grand¬ 
children of this little computer. One can 
find it’s roots in nearly every personal 
computer that works with MS-DOS. 
When the IBM PC was introduced, it 
worked with MS-DOS, too. It was MS- 
DOS 1.1, the first release. And it became 
standard as an operating system, just like 
the PC became standard as THE perso¬ 
nal computer. 

The technology today is far more ad¬ 
vanced than it used to be in 1981. This an 
effect of the tremendous market power, 
which was unleashed by the PC stan¬ 
dard. But know, the great history of this 
standard has become a burden, it slows 
down any development in this industry, 
which is bound to be ’’compatible”. To¬ 
days microprocessors have more proces¬ 
sing power than the big mainframe com¬ 
puters in 1981. But they use only 5-10 
percent of their real abilities for the 
users, because of the existing industry 
standards. We at Bauer Systems think 
it’s time for a new standard, it’s time for 
the PERSONAL WORKSTATION! 

Stop! This is not a break with the re¬ 
ported history of computers. It’s a break 
with compromises, which were made to 
have the highest grade of compatibility. 
We have found a way to have the best of 
both sides: Unforeseen processing po¬ 
wer and user friendliness and compatibi¬ 
lity with existing industry standards. We 
cannot promise that your most beloved 
word processor will run on our new ma¬ 
chine, and we cannot promise either that 
your beloved screen will work with our 
machine. Bufwe can promise you that if 
you ever try our new system, you will not 
try another existing computer again. 


The TESS IV PERSONAL WORK¬ 
STATION is based on the Intel i486 mic¬ 
roprocessor. This microprocessor com¬ 
bines the features of the 80386 micropro¬ 
cessor and the 80387 arithmetic copro¬ 
cessor together with a sophisticated ca¬ 
che management unit on one chip. The 
i486 microprocessor has a raw proces¬ 
sing power of 14-15 MIPS. In the TESS 
IV PERSONAL WORKSTATION, this 
microprocessor is combined with 8 Me¬ 
gabyte of 70 ns dynamic random access 
memory. The system has a clock rate of 
25 MHz. Early benchmarks indicated a 
processing power of 12 MIPS for the 
whole system. We developed a configu¬ 
ration for this system, which represents 
the best combination of available op¬ 
tions. The TESS IV PERSONAL 
WORKSTATION is equipped with our 
i486-compuler. We chose a SCSI host 
adapter as storage interface. In the stan¬ 
dard configuration, one 200 megabyte 
hard disk drive and one 3.5“ Floptical 
disk drive are connected to the host 
adapter. It offers a sustained data trans¬ 
fer rate of 1 megabyte per second and it 
can handle up to seven SCSI devices. 
The hard disk drive has an access time of 
16 ms. The Floptical disk drive is a new¬ 
ly developed 3.5“ floppy disk drive that is 
able to store up to 20.8 megabyte of data 
on a 3.5“ Floptical diskette. It can also 
format, write an read standard 3.5“ dis¬ 
kettes in the PS/2 formats. The Floptical 
disk drive has an access time of 65 ms. 
The graphics subsystem of our TESS IV 
PERSONAL WORKSTATION contains 
it’s own Texas Instruments TI34010 gra¬ 
phics processor, clocked at 40 MHz. At 
this clock rate, the TMS 34010 has a pro¬ 
cessing power of 6 MIPS. The processor 
is combined with I megabyte VRAM for 
a maximum screen resolution of 1024 x 
768 pixels in 256 out of 262.144 colors. 
Our display features a 21“ flat-type sc¬ 
reen offering the user an optimal vie¬ 
wing area. The etched, non-glare 0.31 
mm dot pitch CRT allows for brilliant 
FULLSCREEN graphics and text. A 
built-in dynamic focus circuit provides 
crisp images on-screen. The keyboard of 
our TESS IV PERSONAL WORKSTA¬ 
TION is connected to the screen and 
contains a standard 102 keys AT-layout. 
A 3-key mouse is connected to the key¬ 
board as the standard pointing device. 


The TESS IV PERSONAL WORK¬ 
STATION is equipped with four serial 
and two parallel external interfaces. It 
can be expanded by plug-in expansion 
cards compatible to the ISA-bus interfa¬ 
ce. The complete system exept the desk¬ 
top devices is mounted in a trim deskside 
tower case in a unique design. It is powe¬ 
red by a 300 W switching power supply 
with build-in battery backup and surge 
protection. 

To unleash the full processing power 
of the i486 microprocessor, we chose the 
newly developed Open Desktop from 
SCO as operating system. Open Desktop 
features the full 32-bit, multiuser, multi¬ 
tasking capabilities of the UNIX System, 
a graphical user interface offering Pre¬ 
sentation Manager-compatible "look 
and feel”, the industry-standard X Win¬ 
dow System, SQL database manage¬ 
ment, TCP/IP networking to dissimilar 
systems, full data sharing between DOS 
and UNIX Systems, and instant access to 
thousands of existing DOS and UNIX 
System applications. Open Desktop deli¬ 
vers the multitasking computing power, 
friendly graphical interface, and seam¬ 
less connectivity required for today’s de¬ 
manding business and technical profes¬ 
sionals who require dedicated personal 
productivity systems. And it’s equally 
well-suited as a multiuser, multitasking 
platform for workgroups of 8, 16, 32 or 
even more users. 

To meet the high standards we set 
ourselves by designing this computer, 
we developed a sophisticated distribu¬ 
tion and service system. The TESS IV 
PERSONAL WORKSTATION will be 
distributed by the microtronics Trade 
Service through field consultants. Your 
computer will be set up at your site and 
configured to your demands. The micro¬ 
tronics Trade Service will provide world¬ 
wide on-site service for one year. If your 
system can’t be repaired on-site, you will 
receive a equal replacement for the re¬ 
pair time. 

To receive more information or to 
purchase your TESS IV PERSONAL 
WORKSTATION, please contact the 
microtronics Trade Service. We hope 
you will be with us in the era of the per¬ 
sonal workstation! 


microtronics Trade Service, Bettendorfer Sir. 36, 5173 Siersdorf, Federal Republic of Germany, phone 4-49-2464-2147, 

fax: -1-49-2464-8280 

All trademarks used in this advertisement are property of the respective companies. 

All information contained herein is subject to change without prior notice. 

Designed by H. Bauer, set by HGB Druck. Julich 
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SOUND AND IMAGE PROCESSING 


Changing 
Perceptions 
of Reality 

Image editing lets you interactively improve, rearrange, 
modify, and adjust images any way you want 

Benjamin M. Dawson 



I mage processing is the 
science of analyzing 
and changing images 
for human or machine 
use* It is used, for example, to 
enhance images from under¬ 
seas robots (see “Finding the 
Titanic/* March 1986 BYTE) 
or to automatically inspect 
parts. Image processing usu¬ 
ally improves the image or ex¬ 
tracts information from it 
rather than modifying the 
image or adding information. 

You can, however, also use 
the algorithms and methods 
developed for digital image 
enhancement and analysis to 
edit and modify images* ITl 
explore some image process- 
ing methods and how they ap¬ 
ply to image editing. (The text 
box “Imaging Tools” on page 
294 describes the hardware 
and software needed to try 
some of these methods,) 

For the methods I describe, 

I assume that the images have been sam¬ 
pled into an array of pixels, and the in¬ 
tensity of each pixel has been quantized 
(sampled in intensity) to at least 6 and 
preferably 8 bits. 

This intensity range generally lets you 
apply image-processing algorithms 
based on continuous mathematics to the 
image. This range is also sufficient to 
fool the human eye into seeing the image 


as continuous in intensity when it is dis¬ 
played. Applying these methods to 
lower-resolution images, perhaps ac¬ 
quired with a desktop scanner, might 
give results that are noisy or unsatisfac¬ 
tory due to quantization errors. 

Bigital Image Editing 

Image editing is used to interactively im¬ 
prove, rearrange, modify, and adjust 


images for human viewing. 
You can use image-processing 
methods to adjust contrast, 
cut and paste, or change the 
shape of image areas. Digital 
image editing is used profes¬ 
sionally to replace tedious 
photographic methods. A dig¬ 
ital or computer “darkroom” 
can do far more than the pho¬ 
tographic darkroom, and usu¬ 
ally much faster. 

Image-processing opera¬ 
tions that modify a pixel 
value based only on its origi¬ 
nal value are called point pro¬ 
cesses. The point processes 
change an image's brightness 
and contrast, make it into a 
solarized or negative image, 
and so forth. Listing 1 con¬ 
tains a code fragment for 
changing a triangular area of 
an image into its negative, as 
shown in photo L The image 
is sequentially scanned, and 
pixel y addresses increase 
downward while x addresses increase to 
the right. This video-coordinate system 
is commonly used in image frame buf¬ 
fers and matches the way in which a TV 
is scanned. 

In this example, the point process de¬ 
pends on the originaJ pixel intensity and 
its X and y locations. The modification 
occurs only if the image's pixel y address 

continued 
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is greater than its x address. Point trans¬ 
forms can be any function of the original 
pixel intensity and its address. These 
functions can be quite complex and im¬ 
possible to do in a darkroom. 

Output lookup tables (LUTs) perform 
point processing independently of the 
pixel's address and do so without modi¬ 
fying its value. For example, with 8-bit 
pixels, loading output LUTs (starting at 
table address 0) with the values 255,254, 
..., 0 displays the entire image as its 
negative. LUTs are quick to load and are 
used to interactively adjust all the pixel 
values. 

Listing 2 contains a code fragment for 
interactively brightening the entire 
image by using output LUTs. You can 
make an LUT transformation permanent 
by using the LUT values to change the 

digital “darkroom, ” 
you can do far more 
than you can in a 
photographic 
darkroom, and usually 
much faster. 


pixel values in the frame buffer (see 
ptransformC) in table A in the text box 
"Imaging Tools” at right). 

Area Processing 

If the image-processing method uses 
small areas of pixels as input, it's called 
an area process or neighborhood process. 
As with point processing, you sequen¬ 
tially scan the image, but rather than 
using the values of individual pixels, you 
use the values from each pixel and its 
neighbors. 

Convolution is a powerful area pro¬ 
cess that can be used to sharpen, blur, 
and modify images. As you scan the 
image, each pixel and the pixels in its im¬ 
mediate neighborhood are weighted 
(i,e., multiplied by a value), and the new 
(output) pixel value is the sum of these 
weighted pixels. The set of weights is 
called the kernel. If the kernel it is of size 
m X «, and p(x,y) contains the pixel 

continued 


A minimum set of hardware for im¬ 
ping and graphics consists of a 
camera or scanner, image-acquisition 
hardware, a frame buffer and CRT 
monitor for displaying images, and a 
computer for processing the images. 
The camera or scanner must be matched 
to the image-acquisition hardware. The 
image-acquisition hardware is often 
built into the frame buffer and usually 
accepts a standard RS-170 video signal. 
Some kinds of home video equipment 
generate standard RS-170 signals, but 
some generate a modulated signal that 
must be converted to RS-170. For bet¬ 
ter-quality pictures, try an inexpensive 
surveillance camera. 

A frame buffer (or frame store) is 
special memory that stores one or more 
images and sequentially scans the 
image's pixel values to generate a video 
signal for the monitor. The frame buf¬ 
fer is also read from and written to by 
your computer. For the operations I de¬ 
scribe, the frame buffer should store at 
least 6 bits per pixel (8 bits are prefera¬ 
ble). For most of the pictures in this ar¬ 
ticle, I used 8-bit frame buffers and 
image processors from Imaging Tech¬ 
nology, Inc. (Woburn, MA). A "super 
VGA” with 256 colors or a Macintosh 11 
with an 8-bit display is good for screen 
output, but you need additional hard¬ 
ware if you want to acquire images from 
a camera or a scanner. 

Two common features on frame buf¬ 
fers are overlay memory and output 
lookup tables (LUTs), or palettes. 
Overlay memory provides additional 
bits for each pixel and is used to display 
graphics “over" the image, without dis¬ 
turbing the image. An LUT is a small 
memory element. Pixel values address 
this memory, and the LUT output is the 
value in the addressed memory loca¬ 
tion. 

Three output LUTs are used to trans¬ 
late pixel intensity values into red, 
green, and blue values for the monitor. 
This allows you to add color to your 
images or to change the pixel intensity 
values. On frame buffers with overlays, 
the overlay memory can also drive the 
LUTs to allow colored overlays. Some 
of the operations that I describe are eas¬ 
ier to do with the addition of overlays 
and output LUTs, but there are other 
(albeit slower) ways to do the operations 
if you don’t have this hardware. 


Image processing requires a great 
deal of computation. For your purposes 
and for many applications, a good per¬ 
sonal computer is fine, if a bit slow on 
some operations. You will also need a 
mouse or some other pointing device. 

The SIMPP Software 

The Simple Image Processing Package 
(SIMPP) software is a simple program 
for learning about image processing. I 
added routines for image editing to 
SIMPP (see “Introduction to Image 
Processing Algorithms,” March 1987 
BYTE) and called it S1MPP2. SIMPP2 
is written in C and requires a compiler 
that supports floating-point arithmetic. 

A fair amount of programming is re¬ 
quired to use SIMPK. If you don’t care 
to do this, there are excellent commer¬ 
cial programs that do much of what is 
described in this article. For the Macin¬ 
tosh II, there is Digital Darkroom from 
Silicon Beach Software (San Diego, 
CA) and ImageStudio from Letraset 
(Paramus, NJ). For the IBM PC AT, 
there is Snapshot from Aldus (Seattle, 
WA). You still might look at SIMPP2 to 
understand how some of these opera¬ 
tions are done. I also recommend Be¬ 
yond Photography: The Digital Dark¬ 
room by Gerald J. Holzmann (Prentice- 
Hall, 1988). Holzmann’s book contains 
a good introduction to image editing, 
examples of edited images, and soft¬ 
ware for interactive image editing. 

Table A shows some of the SIMPP2 
routines. You must write the nine inter¬ 
face routines that connect the SIMPP2 
software to your hardware. 

The acquire () routine puts an image 
into the frame buffer, usually from a 
video camera. If you can't acquire 
images, read them from a disk file. The 
write_LUT( ) routine puts a value into 
an LUT. If you don’t have LUTs, you 
might use ptremsforin() to permanent¬ 
ly change the pixel values. The write_ 
over() routine writes a value into the 
overlay memory, and read_over() 
reads values from this memory. 

Writing an overlay value of 0 turns 
off the overlay at that point. You can 
simulate overlays by inverting the over¬ 
laid image points and then inverting the 
points again to remove the overlay. As 
an alternative, you could use 1 bit of 
each pixel as an overlay if you have out¬ 
put LUTs. 
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Table A: 77i^ SIMPP2 routines used in this article. The arguments x,y 
specify the start of an image area to process, and dx,dy specify its si^. 

IMAGE-EDITING ROUTINES 

Interface roytines 


siELopenO 

Opens and initiaEizes the frame buffer and mouse. 

sinueloseO 

Closes the frame-buffer access. 

acqulreO 

Puts an image from a camera into the frame buffer. 

wrlteJLUT ( color,lo c ,val } 

Sets the location, loc, in the LUT specified by 
color (red, green, or blue) to vaJue val. 

write_over(X,yj V ) 

Set the overlay memory at location x,/to value v. 

rea<L.t>ver{x,y) 

Returns the value of the overlay memory at 
location 

write„pixel (x j y, v) 

Writes a pixel of value v info frame^buffer 
location x,y. 

read_plKel(Xiy) 

Returns the value of the pixel at location x,y in the 
frame buffer. 

re adjnouse (&x, Sy ) 

Returns the location of the mouse in x,y and the 
status of the button(s). 

Primitive operations 


copy_area(X,y,dx,dy,xd,yd, 
dxd,dyd) 

Copies the image area starting at x.y and of size 
dx,dy into the destination area starting at xd,yd 
and of size dxd^dyd. 

cross„over(X,y,v) 

Puts a cross-hair cursor in the overlay memory. 

boxL_over (x j y, xe, ye, v) 

Drav^ a box with corner coordinates x,y and 
xe,ye in overlay color v. 

get_box( ix, &y, to j My ) 

Fetches the coordinates of a rectangular area 
using the mouse. 

Point processing 


ptratisforffiCx, y, dx j dy j t) 

Transforms the area using transformation table L 

rgb_to_Jiia (r j gj b, Sh, ai , M) 

Converts an RGB triple into a hue-inten^ty- 
saturation (HIS) triple. 

his„to_rgb (h, 1, s, &r, Ig ^ lb) 

Converts an HIS triple into an RGB tripie. 

Area processing 


convolve(x,y,dx,dy,m, 
kernel,output) 

Convolves the image area with a kernel of size 
m,n and specified by array kemei The output 
argument controls the treatment of negative 
convolutEon values. 

fnedian3 (x, y, dx, dy) 

Performs a 3-by-3 median filter on the area 
starting at x,y and of size dx,dy. 

Geometric operations 


rotate(x,y,dx,dy) 

Rotates the image area clockwise by 90 degrees. 

3tretch(x,y,dxj dy,xsf,ys f ) 

Stretches the image area by xsf and ysf. 

bvarp4(x,y,dx,dy,u,v,method) 

Warp area into area spedtied by arrays u and v. 

If method = 0 use nearest-neigh bor 
interpolation, else use bilinear interpolation. 

gridwarp(x,y,dx,dy, xdest, 

ydeat, dxgrid,dygrid) 

Use bwaj^i to “rubber sheet" warp the source 
area (x,y, dx, d>) to a destination area 
(xdest,^est) of the same size. Control points are 
spaced by dxgrid in x and dyghd in y. 
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EFFORTLESS 

EDITING 

between files — 

across applications — 

TM If you work with 
more than one file, 
you need Vql 
— the editor for 
multi-file processing. 

If you begin Monday trying to remem¬ 
ber what you were doing Friday, you 
need Vq, Just a few keystrokes bring up 
the file set you were working on, with 
each file positioned where you left it. 
Even if Friday was so bad you just 
pulled the plug and ran, Vq will bring 
back the changes you forgot to save. 

Load files by name, location, date, even 
file content — you can search whole 
disks, directories, or file sets, to find 
and automatically load just what you 
want. Simple AND/OR/NOT/WITH/ 
WITHIN pattern specifiers combine to 
find just about anything on a disk, 

Vq will even search and load word 
processor and desktop publisher files. 

Vq is EASY to learn and EASY to use. 
Pulldown menus do the whole job,.. 
instantly. You probably won't even 
read the manual. Full multi-window 
mouse support, of course! 

Features include progfammable keyboard, 43/ 
StMine and 132-column video inodes, hoi links 
to executable programs, compile with fiod- 
next-errof, and macro compile/decompile. 
Optional auto-indent, tab, column shift, and 
margin settings. Your choice of screen colors- 

1004- commands include Multiple edit win¬ 
dows with window Zoom and multi-speed 
scrolling; Block copy, cut, paste, delete, box, 
fill, print, write, shift left or right, cap and 
uncap; Mark lines, columns or fragments of 
text; Search/search-and-repiace with token 
search, find-function, and regular expression 
options (select block or entire document); 
Goto/Push/Fop/Restore Line; Find matching 
{t(or)]} levels; Format, Centei; and Timestamp; 
Query, resume query, find next/previous query 
file/match; Full DOS shell or command execute 
— Vq shrinks to 7Kh Full Undo capability 
lets you change your mind — while editingi 

OS/2 & DOS versions,,, both for $150 
If Vql sounds too good to be true, 
call for our NO RISK OFFER — 

1 - 800 - 284-3269 

"^^GOLDEN BOW SYSTEMS 
2665 ARIANE DRIVE, #207 
SAN DIEGO, CA 92117 
(619) 483-0901 
FAX (619) 483-1924 TELEX 201520 CBS UR 
MC/VISA USshpgJhdlg$5 CA aideis add 7% 

Vif and Vq2 are trademarks of Golden Bow Systems 
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IN DEPTH 

CHANGING PERCEPTIONS OF REALITY 



Photo 1: Conditional point processing 
converts the image below the diagonal 
to a negative. 



Photo 3: The airplane in photo 7, cut 
and pasted. The one on the left is not 
blended into the background; the ones 
on the right are. 


values, then convolution can be ex- 
pressed as follows: 

m n 

p(x,y) = +J’y +') * (/> 0 

i-0 y-0 

Different operations are implemented 
by choosing different kernel sizes and 
values for the weights. (See “Introduce 
tion to Image Processing Algorithms/* 
March 19S7 BYTE, for more details on 
convolution and the choice of kernels.) A 
Laplacian kernel of 

-1 -1 -I 
-1 8 “1 
-1 -1 -I 

generates large output values only when 
the image intensity changes. These 
changes occur at object edges, so Laplac¬ 
ian convolution amplifies image edges. 

Negative values in the kernel mean 
that the output of the convolution opera¬ 
tion could be negative. While mathemat¬ 
ically correct, negative pixel intensity is 
physically meaningless. You often clip 



Photo 2: Creating a fog effect. Left: The original image of a mountain meadow. 
Right: The same image sharpened at the bottom and blurred toward the top of the 
image to give the effect of fog. 


hile 

mathematically correct, 
negative pixel intensity 
is meaningless. 

negative values to 0 or take the absolute 
value of the output to remove these nega¬ 
tive values. 

Adding the Laplacian convolved image 
to the original image boosts the edges in 
the image, making It appear sharper. 
You can do this in one convolution step 
by changing the 8 in the sample kernel to 
a 9. In photo 2, an image of a meadow is 
shown at left. In the photo on the right, I 
changed the ratio between the Laplacian 
edge image and the original image to 
vary the amount of image sharpening. At 
the bottom of the photo, the ratio is equal 
(i,e., the kernel center point is 9) for 
maximum sharpening. The Laplacian 
contribution, and hence the sharpening, 
decreases in steps going up from the bot¬ 
tom of the image. Above the center of the 
image, I started using convolution ker¬ 
nels that cause blurring. The effect is to 
add fog to a clear originaL 

To blur an image, you use conyoludon 
to average the pixel values in the scanned 
neighborhood. For example, a kernel of 

1 1 1 
1 1 1 
1 1 1 

sums the pixels in the neighborhood. Di¬ 
viding this convolution’s output by 9 
gives the average pixel intensity in the 


neighborhood. This smooths (or blurs) 
the image intensities. The larger the 
neighborhood used in averaging, the 
more blurring. Other kernels modify 
images in interesting ways, and I encour¬ 
age you to experiment. 

If the area process outputs pixels with¬ 
in the processing neighborhood, then 
processed pixels will contaminate the in¬ 
put to the transformation. You can solve 
this problem by ensuring that the output 
(destination) image doesn’t overlap the 
input (source) image or by buffering the 
output. Another problem with area pro¬ 
cesses is what to do at the edges of the 
image, where the kernel would be partly 
off the image. The usual solution is sim¬ 
ply to scan that part of the image where 
the kernel is entirely inside the image. 

Nonlinear area processes (convolution 
is a linear process) are also useful for 
image editing. A median filter is nonlin¬ 
ear and is good for removing noise in an 
image. A median filler sorts the pixels in 
the neighborhood by value and outputs 
the median value—the value in the mid¬ 
dle position of the sorted values. Image 
noise tends to have a different intensity 
from that of neighboring pixels, so the 
median filter replaces it with an intensity 
value closer to the average. 

Cutting and Pasting 

A frequent image-editing operation is to 
cut out a section of an image and paste it 
somewhere else. Listing 3 shows how 
this might be interactively done. The 
copy_area() function allows the source 
and destination to be different sizes. If 
the paste operation is fast, you can use 
the source as a “brush” to paint with. 

Photo 3 shows cutting and multiple 
pasting. You can see a number of prob¬ 
lems with this simple approach. The 
most obvious is that the edges of the 
pasted image do not blend smoothly into 
the background image (the airplane on 
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IN DEPTH 


CHANGING PERCEPTIONS OF REALITY 



Photo 4: An example of cui^and-paste. Left: The original image. Center: A mask is drawn over the man's image and is used to 
guide the pasting. Right: The man is removed by pasting another area of the image into the mask area and smoothing the edges 
and texture. (Photos courtesy of Dr. Peter Burt, Advanced Image Processing Research Group, David Sarnoff Research Center) 


the left). The human eye (much like La- 
placian convolution) is very sensitive to 
local changes in intensity* 

The paste looks more natural if its 
edges are smoothed or blended into the 
background. Convolution provides one 
way to do this, I used a blurring kernel 
(e.g*, all Ts) and moved it around the 
edge of the pasted area (the airplanes on 
the right) to blend in the cut images* 

If the object in the source image is not 
rectangular, cutting around the object re¬ 
moves source background pixels that 
would look out of place in the pasted 
image. The blending operation now must 
follow the curve of the cut-out object. 

If the lighting direction is significantly 
different on the source and destination 
areas, then the pasted image will look 
strange. Changing image lighting, shad¬ 
ows, and shading requires knowledge 
about the objects in the image and a good 
bit of work. Sometimes a simple bright¬ 
ness adjustment can make the pasted ob¬ 
ject look right in the destination image, 

A pasted object with a different color 
or texture pattern than the background 
may also look out of place. Blending 
colors between the pasted object and the 
background may introduce new and un¬ 
wanted colors. Sometimes, you can blend 
texture by smoothing at different spatial 
resolutions. 

The three images in photo 4 are skill¬ 
ful examples of cutting and pasting. The 
mask in the center photo is drawn around 
the man in the photo at left. The image 
areas around the masked area are blend¬ 
ed with the masked area, as well as with 
an image cut from an area immediately 
to the right of the man. This blending is 
complex but essentially uses many dif¬ 
ferent sizes (i.e,, scales) of blurring fil¬ 
ters, This process removes spurious 
edges between the pasted area and the 
background and provides a smooth tex¬ 
ture transition. In this example, the 



Photo 5; In this enlargement of a face, 
the left half was enlarged using 
nearest-neighbor interpolation, and the 
right half by a smoother (bilinear) 
interpolation. 


colors and lighting of the cut-and-pasted 
areas match, so these are not a problem. 
The man in the photo at left has disap¬ 
peared in the photo on the right. 

Geometric Operations 

Geometric operations use equations or 
rules to map source-image pixels to new 
positions in the destination image. Geo¬ 
metric operations include image transla- 
(ion, rotation, size change, and warping. 
Some geometric operations are similar to 
those used in computer graphics and may 
be familiar to you. 

Mapping images causes problems be¬ 
cause of the discrete nature of pixels. 
Consider changing the x and y scale 
(size) of an image area by jfac,yfac. 
Then, xdest = xxxfac and ydest = 
yxyfac. As the source image is scanned, 
X and y take on discrete integer values. If 
^ac = yfac — 2, then only even destina¬ 
tion addresses (xdest,ydest) are gener¬ 
ated, Source-pixel values are mapped to 
every other destination address, and the 
output image is full of holes. If xfac or 
yfac is less than 1, then xdest,ydest will 



Photo 6: The result of enlargement 
(mapping) is a function of the source- 
image x address. 


be fractional values, and more than one 
source pixel can map to the same destina¬ 
tion point. This is better than holes, but it 
can still be a problem. Two tricks reduce 
these problems. 

First, invert the equations and scan the 
destination image, 

X = xdest/xfac 
y = ydestlyfac 

Then loop through all integer xdest and 
ydest values in the destination image, 
using these values in the above equations 
to specify where the source image pixel 
(x,y) comes from. This guarantees that 
all destination points will be filled. 

When X and y addresses are fractional 
addresses, a second trick is to approxi¬ 
mate or interpolate a source-pixel inten¬ 
sity based on these fractional values. 
“Nearest-neighbor” interpolation sim¬ 
ply fetches the pixel value located at the 
integer address nearest to the fractional x 
and y address. This is fast but produces a 
blocky-looking image. Interpolations 

cotuinued 
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Get It? 

On your left, our competitor, **fDr obvious reasons 
has asked us to conceal his identity. 

On your right, weM like you to meet our 
bold new Elite/1600"' monitor, a complete ultra high 
resolution ZO-inch monochrome display system with 
a 1600 X 1280 pixel resolution. 

The same resolution as the Sun-4 
workstation monitor. A picture so stable and flicker- 
free it can only be called extraordinary. For you, this 
means drawings that are pin-point precise and razor 
sharp images that are perfectly aligned. 


© 19JS9 Etice MicmsysteEns Inc., BensaJcm, PA 






Simply put...I Itivc i picture dispipy that is p real koockput the fimt 
you'll tiod DO any mouilar.. .Mac or PC. 




I didn't say it, PuMIsh Masozine said It... | 

.. .aod though I'm part at an «///lr class 
I come with a lower price including a BO day 
money back guarantee, 3 year warranty, 
higher reselutfon, eastern screen fonts... 
sayare—areyouDK? 


Good! 


GotIt! Good! 


It offers the highest quality two-page display 
system available for the IBM PS/2 Series, and IBM PC 
and compatible* 

Each display system comes complete with a 
high resolution monitor, video interface card, and 
software drivers* 

The Elite/1600"'' is part of our extensive 
family of display products for the IBM compatible and 
Macintosh computers* 

We carry a complete line of high resolution 
monochrome, gray-scale, and color display systems* 
Any other monitor simply pales by comparison* 


So call our toll free number today, for our 
free information package and discover for yourself how 
beautiful a big monitor can be. 

1 - 800 - 343-5532 

The monitor you've got in mind is 
probably in our warehouse right now! 

Got the picture? 


4201 Remo Crescent^ Bensalem, PA 19020 USA 
Phonec (215) 6394636 FAX; (215) 639u3420 
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IN DEPTH 

CHANGING PERCEPTIONS OF REALITY 


that use the weighted sum of pixels sur¬ 
rounding the addressed source point pro¬ 
duce better-looking images but require 
more computation (see photo 5). 

With digital images, the geometric- 
mapping operation need not be smooth or 
analytic. In photo 6,1 made the enlarge¬ 
ment-mapping equation a function of the 
source-image x address. In photo 7, the 
destination-pixel y address is a function 



Photo 7: The y destinaiion address is a 
function of source-pixel intensity. 



of the source y address and the pixel’s 
intensity. 

Smooth distortions of images are 
called warps. Warping an image stretch¬ 
es or squeezes it to fit (map onto) some 
shape or surface. Image warping is typi¬ 
cally used to remove the distortions in¬ 
troduced by perspective, camera optics, 
and so forth, but it can just as easily be 
used to introduce interesting distortions. 

In photo 8, the picture at left shows an 
image before warping. The small blue 
squares that make up the grid are control 
points. Think of this image as printed on 
a rubber sheet with handles attached to 
each control point. When you move a 
control point with the mouse, the image 
point below it moves, and the surround¬ 
ing image area warps (i.e., stretches and 
squeezes) to smooily follow the image 
point. In the center photo, I made some 
cosmetic changes to the image in the 
photo at left. In the photo at right, 1 set 
the warp factor to surrealistic mode. 

The SIMPP2 routine bwarp4() per¬ 
forms this warp, and grldwarpO man¬ 
ages the warp and the position of the con¬ 



trol points. The gridwarpO routine first 
copies the source image to the destination 
image and overlays the destination image 
with the control points. The source 
image is divided into rectangles that 
match the initial position of the control 
points. 

When a control point is moved, only 
the four polygons that share this control 
point as a vertex are updated. To do this, 
scan the four source-image rectangles 
that correspond to these polygons. In this 
case, scanning the source rather than the 
destination is simpler to understand and 
implement. To prevent holes in the desti¬ 
nation image, you need to oversample the 
source image at fractional pixel address¬ 
es and interpolate to generate the pixel 
intensity value. 

The warping function performed in 
bwarp4() is a four-point, bilinear warp 
that is defined by the following mapping 
equations: 


xdest = aX;r + i?Xy + cXjtXy + J 
ydest = fX;r+/Xy + gXj:Xy + /i 

continued 



Photo 8: An example of warping. Left: The original unwarped image; the blue squares are the control points. Center: The image 
is smoothly warped to match the edges of the polygons defined by the control points; there are minor changes to the head ^ jaw ^ 
and ear. Right: This image is truly warped, giving a surrealistic effect. 



Photo 9; An example of convolution. 
When a color image (upper left) is 
convolved to blur its edges, spurious 
colors may appear (upper right and, 
enlarged, below). 



Photo 10; An example of sharpening. Left: The original image of flowers. Right: 
The sharpened image. The original image woj converted to hueAntensity-saturation 
space; the I component was simrpened and then converted back to RGB space. 
(Photos courtesy of Scott Kay, Data Translation) 
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IN DEPTH 

CHANGING PERCEPTIONS OF REAUTY 


Listing li AC code fragment that makes a negative image using a point 
process. 

f* Hake all pixels below the diagonal Into their negative. Frame buffer Is of slae 
XSIZE^YSIZE, and pixels have a maximum possible value of HAXPIX 

for (y - 0 I y < YSIZE i y++) ( 
for (x ^ 0 i X < 3CSIZE I X++) I 

If (y > i) WTlte_plielEx,y, HAXPIX-rea(LplxelCx,y)) j 


Listing 2; AC code fragment that interactively changes image brightness. 

I* Interaotlvely change Image brlghtnees, Aasumea 6-blt pixels and three output LlJTs 
(one each for RED, and BLUE. *i 

I* Start with a "linear” LlfT — does not change pixel values */ 
for (j ^ D f a < 256 j z++) { 

writeLLUT(RED,Z|Z)j urite_XUT(GREEJI,a,a)j 
write_LU'r[BOIE,a,E3; 

/» Walt until all mouse buttons are up (off) */ 
while (read^mouseE&x^&y)) ; 

/* Loop reading mouse x position as the ’’brightness” control. Exit when a mouse 
button is pressed 

while E1 readJiiouae C &x, &y)) { 
for (a = 0 j z < 256 ; a++) { 

1 = a+x; 
if (KO) i»0i 

If Ei>255) 1=255; 
wrlte_LUT(eED,z,l)j 
wrlte_LUT(GREEN,a,i); 
write_LUTCBLUE,a,l)i 


Listing 3: Cutting and pasting an image in C 


I* Interactive image copy (out and paste) •/ 

get_boxE&sXj&sy,&sdx,Scsdy); f* Get source »/ 
getJjaxE&dx,fcay,frddx,iddy); /» Get destination */ 
copy_areaCBX,By,sdx,Bdy,dx,dy,ddx,ddy)j j* Copy area */ 

/»###*# Fragment of the get_boxE) subroutine ******f 


while (readjiouseE^jiS^)) ; j* Buttons off? «/ 

/♦* Put up a cross-hair overlay and use the mouse to move It */ 
oldx « XSIZE/2; f* Initialize tracking at »/ 

oldy - YSIZE/2; I* the screen center */ 

cro8s_over(oldx>aldyil)] /# Put up initial cross hair */ 


while (lread_niouse(^,&y)) { 
cros s_over E 0 Idx,oldy,0); 
eross_overCx,y,l)j 
oldx ™ X| oldy = y; 

] 

1 =r oldx; J » oldy; 

cros3_over(l J#0) j 

while Eread..^use(&x,^)3 ; 

/* Put up a box and use mouse 
oldx += 5; oldy += 5; 
box_over(i,J jOldXioldy,i); 
while (lread_;iiouse{&x,&y)) [ 
bcjLover(l,J, oldx, oldy, 0); 
box_over(l,4,x,y,l); 
oldx s x; oldy = y; 

boiLover (t, J,oldx, oldy ,0); 


/* Erase old cursor *( 
f* New cursor */ 

I* New position */ 

f* Save comer position */ 
f* Cross hair off */ 

/# Buttons off? */ 

* change Its size */ 
i* start with a small box */ 
I* Put up initial box »/ 

/* Erase old box *f 
I* New box »/ 

/a New position */ 

I* Remove box *1 


I* 1|,J, oldx,oldy are now the comer coordinates */ 


The values for the equations' coeffi¬ 
cients (a^ b, €, d, and e.f g, h) are deter¬ 
mined from the positions of the comers 
of the source rectangle and the corners of 
the destination polygon. The coefficients 
are computed for each polygon updated. 
Listing 4 is a simplified version of 
bwarp4{) that maps a square located at 
(0,0) of size 100 by 100 pixels to an inter¬ 
esting destination shape, using nearest- 
neighbor interpolation. The bwarp4() 
code uses a more efficient algorithm and 
a smoother interpolation. 

Color Image Processing 
Color images are usually represented by 
arrays of pixels with red, green, and blue 
values. This might be done with three 
separate frame buffers or with a frame 
buffer that had pixels containing red, 
green, and blue bits. 

Suppose you edit a color image by add¬ 
ing a blue square to a red background. If 
you try to blend the square into the back¬ 
ground using convolution methods, a 
purple fringe can appear in the image 
(see photo 9), Convolution averages the 
pixel information in an area, and com¬ 
bining red and blue pixels yields purple. 
Sharpening a color image using convolu¬ 
tion also makes unwanted colors appear. 

In human vision, intensity defines ob¬ 
ject edges, and color is used as a feature 
that fills the areas that the intensity edges 
define. The trick, then, is to separate the 
color information from the intensity in¬ 
formation, convolve only the intensity in¬ 
formation, and then recombine (i.e., fill) 
the color information with the intensity 
information. This separation also makes 
it possible for you to edit the color infor¬ 
mation. 

There are many different ways to 
transform an RGB image to separate its 
intensity and color components. The HIS 
transformation converts (i.e., maps) 
each pixel’s RGB values into a new triple 
of values: hue, intensity, and saturation. 
The I component contains the image in¬ 
tensity, and the H and S components con¬ 
tain the color. You can now convolve the 
intensity component and manipulate ob¬ 
ject colors by changing the hue and satu¬ 
ration components. Then you convert the 
modified HIS components back into 
RGB components for display. In photo 
10, the image at right shows the result of 
sharpening the intensity and changing 
the hue of the image on the left. 

Real-World Examples 

Digital image editing is extensively used 
in publishing and advertising design. A 
photo editor can digitally edit an image 

continmd 
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IN DEPTH 

CHANGING PERCEPTIONS OF REALITY 
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IEEE device drivers for DOS, 

UNLX>., Macintosh Sl SUN, 

Drivers for Lotus I -2-3 & Symphony. 
Macintosh IEEE desk accessory, 

PC menu-driven analysis. 

Support 

Free applications support. 

30 day money-back guarantee. 
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IEEE seminars avaikible. 
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Listing 4: ^ C code fragment demonstrating a bilinear warp. 


/* Source Image etarts at location OjO and is 100 by 100, Destination image is 
spec if led by the eoQrdlnetes In de3tx[] and desty[];. Theae coordinates are Indexed 
clockwise starting at the top left vertex, */ 


static int u[] 
static int v[] 
double a,bjC|d,e|f,g,bj 
double x,yj 
int ly; 

PIXEL Ej 

static double sdx = 100.0; 
static double sdy t 100.Oj 
double ua.Ya; 


l200,3aa,264,200j; 

{lj6,200,a64,J92}j 


/* Equation coefficients »/ 

/* XjY index for source 

/* Input image y value (integer) »/ 

I* Pixel value */ 

/« Source X size */ 

}* SonrcB y size »/ 

/* Destination addresses */ 


ft Set up equation coefficients from terms in the transformation matrix */ 
a = C(doubleH-u[0] + u[l]))/sdj£; 
b » C(doubleH-u[0] + up]))/sdyj 
c = ((double)( u[0] - u[l] + Ufa] - uDJ)) / Esdxfrady) i 
d « (double)! u[0])j 
e ^ ((double)(-v[0] + v[l]))/fi(lxj 
f = (double}(^v[0] + v[3]))/3dyi 

g = ((double)! v[0] - v[i] + ¥[2] - v(J]))/(sdx^sdy); 
h « (double)( v[0])j 


f * Scan the rectangular source image in x and y and use the transformation equations 
to place source pixel values Into the destination (warped) area. Use neareat-neigbbor 
Interpolation and simple but inefficient code *f 
for (y * 0,0 ; y < adyi y+=0,5) { 

ly - (lnt)y+0,5/*^ Hearest-nelghbor Interpolation *i 
for (x = 0.0 ; x < sdxj x+=0.5) { 

/* Get nearest neighbor */ 

E > read_pixel(Cint)Cx+CI,5),ly)j 

/* Get destination X address */ 
ua = a»x + b*y + c*x*y + dj 

/# Get destination Y address */ 
va = e*x + fxy + g*x«y + h; 


wrlteL_plxel({int) (ue+0,5) p (int) (va40,3) ,z) i 


to improve its impact and focus. For 
example, a newspaper editor might 
sharpen and blur different areas in an 
image of a group of people to focus your 
attention on the people discussed in an 
accompanying article. You can see how 
less honest and more creative edits are 
possible. For examples of creative (and 
sometimes bizarre) image editing, look 
at the supermarket tabloids. 

High-performance simulators are an 
impressive example of image editing. 
Simulators often use a large database of 
natural images to generate a background 
image or gaming field. For flight simula¬ 
tors, graphics of the cockpit, other air¬ 
craft, obstructions, and so forth are com¬ 
bined with gaming-field images to give a 
realistic simulation. 

With a reasonably small investment in 
time and equipment, you can experiment 
with digital image editing and perhaps 
discover a new application. You can edit 
images without knowing much about 
image processing, but some understand¬ 
ing helps you get the results you want. ■ 

Editor’s note: The listings from this arti¬ 
cle and the rgb_to_liis () and iiis^ 
to_rgb{) routines are available from 
BYTE on disk and in print. See page 5 for 


details. The complete SIMPP2 routines 
and documentation are available from 
Electronic Media, S9 Overbrook Dr., 
Wellesley, MA 0218IJor $25 ($35 U.S. 
overseas). The SIMPP2 routines for 
rgb_to_his() and hls_to_rgbC) are 
based on code provided by Scott Kay of 
Data Translation. 
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WoitSlils * M2Mh2 < I.2MSF1 d^ « 1 1 dOI 

[>hre * Sefiil4 PaaUBLPwbi* MSOOS3.3 ■ 17 71 

■ GW Basic » 80286 M Of MMceessa - VGA " 

SAME W/SEAGATE ICMB HASG DRIVE........ . 

SAME w/SEAGATE SOMB HARD DRIVE... I 

SAME w/SEAGATE 40MB HARD DRIVE.*....... _|f4M 


>1599 


Panasonic FX-17S0 

• MOKRAMeirmdaM b76aK • 3.S‘ 720KFIo;»r * tOmSMiaoiiocnw | f A A 

. im *699 

s>ut£ iwsExearE iams hard duvl _.........is/a 

SAME l•VSEA04r£ 4aMB MAAO DOVL _..... il04t 

Panasonic FX-l 650 ibm xt compatible 

640K '720K Fkiffiy Drive - Pofellei/SerialpgfW' MS DOS 3.3- GW Base 


-iruor^ 

S>UiE W/SEAQATE 20MS NAf?S DRIVE... 


..$749 


>499 


AT 


>1199 


-61 aK Exptfidibti to 8MB * 1 2MB Roppy Drive > 12* Mrviita 

SME PACftAGf WfTH SEAGATE 20MB HARD DRIVE __..._^.|14#9 I 

SAME PACKAGE YffTH SEAGATE 30MB HARD DRIVE. ...11479 

SAME PA CKAGE VYITH SEAGATE 40MB HARD DRIVE....... fl«9 

IBM PERSONAL SYSTEM 2 

ALL MODELS IN STOCK....CALL ^ , 

625" mK EXTERNAL DRIVE toflBM PSVfWO*.-....-_____ $129 

PACinC RIM 5.25" t2MB EJfTEflNAL DfflVE fpf fSM .$259 


P-5200. $479.95 

P4300,». $54995 

PANASONIC 

KXP-1092L.$269.95 

KXP*tS24..._$519.95 

KXP1595. .$41995 

KXP-1124.|299.95 

KXP-IIBD....*.-,..,$174.95 

KXP-1191...$224 95 

KXP-3131. ^69.95 

TOSHIBA 

XI. 

SANYO PR-3000 
DAISYWHEEL.*^9 

HEWLETT PACKAHD^VEREJt STEP 306 IS 

-3e5SX Microfxocfrseor - IBMHl 
- 1MB RAM Expandable b 8MB - 1.2Me F|<^ Drive 



ZNJ-IYUHDAI MODEL 286E 

*640KRAMEipindaUelolMa - 80216 

Microproceescr • 12MHz. - 12MB tQ ilil 

Floppy Drive ■ 5eriM4 Paraef Fcrte ^077 

■ MS^ 3.3 * GW Basic ^ m w 

SAME W/SEAGATE 20MB HARD DRIVE..... ._....ri1l9 I 

SAME w/SEAGATE 3DMS NASO O^VE..$1179 

_ SAME W/SEAQATE 40MB HARD DRIVE....... .Jl«9 | 

*^*Ahyundai 386Cw/20MHz...$2099 


DESKJET.$569 

DESKJET PLUS._-..S659 

PAINTJET...-.*959 

USEE FRINTEtS 

r HP LASERJET 
SERIES II 

'1589 

HP LASERJET IIP..*999 

1MB EXPANDER.1278 

2MB EXPANDER FOB 
LASERJET .1389 

HPL^ERj^Si;;:.zv.'L.'.sS99 

PANASONIC KXP-44&D..11318 

BflOTHER HL-BE.*1859 

BROTHER HL-5EPS..$3198 

MONITORS 

SEIKO 1430 SUPER VGA....1499 

WAGNAVOXEGA.$319 

e.'EGACard.$419 

MAGNA VOX VGA.1349 

w/VGA Card.._..$489 

ZENITH 1490.-*.,.1629 

NEC MULTISYNC UA.$486 

NEC MULTISYNC BID.1619 

PARAOtSE 

VIDEO CARDS..IHSTOCKl 


>1739 


EVEREX386/20 MHz* . **$2699 

EVEREX286„ ... 


E^Efl£X30e/25MHr...- 

.. . JN STOCK 


camPAa deskpro 206 

-540KExi>an(Mbtele^1MQ - 5^I2MH2. a . _ A ww 
-90266llaopr(x»s8a - 1JMB II £70 
FIqriv Drive - SeiiaKPaiMM Rxla 13^7 

SAME PKG. W/SEAGATE 20W.***4l7i9 

SAME PKG. W/SEAGATE SOMB .ITIIS 

SAME PKG. W/SEAGATE 40MB.*.4m9 

CamPAa 286e M849 



DESKPRO 386S \ DESKPRO 386-20e 

|p3^_SXM™MeaBaf - IWB / \ ■ MMSX hfcrofxoceMor - IMB 

Sta - 16 u°^JnS ^ 

HafdDrlYt 
Packages in 
BloUl 


Pari 
Fkipfy Drive 


>2399 


00366 SX hkmvocfisicr - iMB 
RAMExp^dab^^ lfiMB - SeriaV 
ParalelPate - 20 MHz - 12 MB 
Flo^y Drive 


>3699 


COUPAQ 386/2S wllh $0UB...... ....15795 

COMPAQ 39fir?5 wfUi lOOMB. ....57099 

COMPAQ 395/33 W/MMB....57499 


RUSH SERVICE AVAILABLE CALL FOR DETAILS. 


CsrtilMlCludLBMliCrMCi. UonerOrAMe.aa^OiretfPOlv Vim llMUFUid. Am-Ei.DinMiCiiit: CarttBl^<K^e l C OD vootefilea Please Cidl tteio'i lubmniing 
POi Naflldeioiiaisuicttirgelef Ci<rtaC#rt4iidei» NDnamiiedcliKlisinustM^i 68 weeii) Im cuaiatKe N V leMlenij odd appircable ui;>slat P'oteandi 
•uaMUMy 6118^ toeftang* wriheMi nance Mai lei^+iU* lu typographical eirarc Riiiirn ol dewctiut merchandise rnw»i ttakt pi>or i6iurnauihoru^.o- i^umiwr 
or »luitn+««ful be auapM IBU XTAT »pt9ifteiM}iradciit«iiioltnieriulion»IBri»tn»»llachinee Cotfi Pteoseodd 6 . 4 tundim^ Volume o>aei» 

euev 12000 art di+oouniec lo 3* t irtipping and hat4hng icanasun ctdeii and additional APO FPO oeders pkase odd t (7 - siuppm^ and Handling an 

£POFPCcrdwi«fi «- ;.;e4lir«cla5i|M«riilv«i AHoideitcaot»^ipp«dAirEtpit» Cad tor deiais DCAMOOTTI 





























































































































! N DEPTH 

SOUND AND IMAGE PROCESSING 


Pepperoni 
and Paperwork 

The dream—and the reality — ofvoice/document delivery 
from off-the-shelf hardware and software 

Ira Scherr 


O ften, when I*m 
sitting in my of¬ 
fice after 5:00 
p.m., after having 
spent the day in meetings or 
on the road, I have to get my 
paperwork ready for the next 
day’s round of meetings. 

That’s when I wish I could 
pick up the phone, just like or- 
dering a pizza, and say, 

*‘Send me all the documents 
from the January 4th Peterson 
meeting.” 

During the past two years 
there has been a remarkable 
evolution in products and 
software, bringing a great 
deal of fictional “future 
think” into focus. So, while 
waiting in the office for a piz¬ 
za to be delivered at 7:00 p.m. 
one rainy evening, I dreamed 
of building just such an auto¬ 
mated document-delivery 
system from currently avail¬ 
able off-the-shelf hardware 
and software. 

The script for such a system is simple. 
You pick up your desk phone and dial the 
database server. Using voice recognition 
and Touch-Tone detection, you commu¬ 
nicate with the database. It responds with 
prerecorded (digitized) voice instruction 
prompts and text-to-speech conversion of 
the ASCII database information. You 
zero in on the specific documents that 





',/ 




■'‘'W 


A. 




' 

1 kT WiM 



you need and order them after verbally 
entering an access code and client-billing 
number. The database requests the files 
from the document-storage server, 
which decompresses the compressed- 
image files and forwards them to the fax 
server. The fax server dials the fax ma¬ 
chine on your desk and delivers the docu¬ 
ments a few moments later in PostScript- 
quality output. 


Form and Function 

What would such a system 
look like? The figure suggests 
a direct path from desk tele¬ 
phone to voice server. What 
are the constructs of the voice 
server? It must answer the 
telephone and interpret sig¬ 
nals such as tip-and-ring and 
Touch-Tone. And most phone 
boards also handle voice 
prompting and canned voice 
in the form of digitized or 
synthesized speech. They 
must also perform A/D and 
D/A conversions, translating 
analog voice over the phone to 
digits (Os and 1 s), and then re¬ 
peating the process in re¬ 
verse, converting prerecorded 
voice files into understand¬ 
able speech. 

Next, the system must han¬ 
dle voice recognition, which 
can be divided into three dis¬ 
tinct engine categories: under 
100 words, from 1000 to 
5000 words, and 20,000 words or over 
(i.e., a large vocabulary). Since voice 
recognition works by matching voice 
images on file with each live utterance, 
the smaller the vocabulary, the more 
successful the recognition. 

Due to the bandwidth of the telephone 
and normal phone distortion, it makes 
sense to restrict the vocabulary to the 

continued 
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IN DEPTH 

PEPPERONI AND PAPERWORK 


VOICE/DOCUMENT DELIVERY SYSTEM 



Appropriate voice, speech, optical, image, and fax hardware and software combine 
to provide verbal document-retrieval capability. 


smallest possible sizer the numbers 0 
through 9 and the words yes and no con¬ 
stitute the 12-word vocabulary used to 
power this system. 

Then, the voice server needs a text-to- 
speech module so the database can re¬ 
spond to you over the phone. The hard¬ 
ware requirements for text-to^speecb 
conversion are simple. While there has 
been a great deal of massaging of the 
text-to-speech algorithms and exception 
tables to make the speech understand¬ 
able, the resulting voice still has a nasal 
quality and sounds like a computer with 
a cold. Although strange at first, the 
speech is accurate and understandable 
when you get used to the voice. 


Next, you must choose a database en¬ 
gine. The database must be easily con¬ 
figurable to simplify the inquiry level 
and make the voice-server portion of the 
system work. It must also integrate with 
the image files. While you can probably 
use your favorite database, in my office 
we chose engines that work on several 
platforms across microcomputers and 
minicomputers. Once you have built your 
database, and the volume of images and 
data stored on the system has grown, re¬ 
organizing your database will be a monu¬ 
mental task. With a database that runs on 
several platforms, your hardware config¬ 
uration can grow, and you can port your 
database information upward . 


The document server is the heart of 
the system, and you need rapid input, ef¬ 
fective interfacing with the database, and 
rapid output. In my office, we opted for 
an image-engine toolkit, although a fully 
configured image engine would work 
just as well. 

The toolkit approach lets you build 
your own knowledge base of image-stor¬ 
age and retrieval capabilities, which is 
more useful for building systems on your 
own in the future. It doesn’t lock you into 
specific hardware; it allows you to con¬ 
trol the integration of scanning, display, 
and printing hardware. 

As the database grows, it becomes 
more useful, and its use and throughput 
grow as well. As this activity increases, 
you may need to upgrade your hardware. 
In addition, attached to the document 
server is an optical disk subsystem with 
large-to-enormous storage capacity. 

Finally, you need a fax server. This is 
one area that has shown remarkable 
growth and vitality. Fax has become a 
cultural add-on almost overnight. Here 
you have your choice of some really qual¬ 
ity hardware and software products that 
produce crisp, clear, PostScript-quality 
output at the desktop fax-machine end. 

Choosing a System 
This all sounds wonderful, but is it real? 
In my office, we have put together a 
voice/document delivery system (VDDS) 
based on this design. It works, and be¬ 
cause it does, ITl describe our choices 
for hardware and software, the reasons 
behind them, and some of our experi¬ 
ences on the way. 

We chose an AT-based platform to im¬ 
plement our VDDS because of the sheer 
number and variety of boards available, 
thanks to open architecture. This was a 
logical starting point for reasons of econ¬ 
omy, development time, and ease of inte¬ 
gration, To speed implementation, the 
system runs under DOS, still the most- 
common accepted standard. However, 
part of our reasoning in selecting vendors 
included the operating systems and plat¬ 
forms driving their own growth. 

Currently, we are migrating many ap¬ 
plications to run on 80386 machines 
under Unix. The Unix connection pro¬ 
vides us with the experience necessary to 
migrate toward more sophisticated plat¬ 
forms, such as DEC workstations under 
Ulirix, Hewlett-Packard workstations, 
and others. 

A final consideration was one of lan¬ 
guage. Wherever possible, we have mi¬ 
grated to hardware vendors whose soft¬ 
ware drivers are written in C or assembly 

continued 
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@ COMPUTER DISCOUNT WAREHOUSE” 0 


mEmersan 




ii icQW) 


CDW™LETS YOU BRING mE 
FAIUIOUS EMERSON EC800 
BUSINESS MACHINE HOME 

Comes Ready to Use with a 30 
Meg Hard Drive Loaded with the 
Following Software; MentJ Magie. 
HoiJie Accoumanl Window WorKs, Borland 
Quattfo and BarlandSidekichL 


$849.53 


COW'^ .. 

Yoijr CtKHCe Ot Color or Mood Hofiltor. 
ADD:Sm00 lor Color, mi 0 forMww 


PACIFIC 

UjITA PnOQUEIIS 

PACIFIC DATA 26 r 1 Cailrit^. ^.06 

PACIFIC DATA Pdsiscnpl Cartridge ^TB.BG 

pacific data PtoJlsf in a Cartri^.247,30 

PACIITC DATA 1 Meg LJp^afe .... 



WHY PAY Intel 
RETAIL? 
CDW^r««; 

For less 



INTEL BOARDS & CO-PflOCESSOHS 


INTEL Above Board Plus . WID.BS 

INTEL Inboard iS&PC 

INTEL Vigyal Edge .- .440.3^ 

INTEL Cofwiecl Co-ppocssaor . 712.43 


SPEED UP YOUR 
PC UP TO 500%! 



AND SERVICES YOU BETTER 


ttSTTEL 0007-2.$ll9.M)i 

INTEL 8087-3 , - 95-20 

INTEL 00207-6 137.30 


MATH COPROCESSORS 

INTEL SO207-a. $206.SS 

INTEL 30207-10. 223.SS 

INTELeOM7’ie. 389.60 

INTEL 30307-20.390-65 

INTEL 80387-25 ..341,92 

INTEL S03a7SX.362.32 

INT^L 80387 33 575-20 

INTEL BDCeS-A.39S.S0 


HARDWARE, SOFTWARE & PERIPHERALS AT PISCOOHT PRICES 


COMPUTERS 


AST SPECIALS 

MDL 70.CALL COWi" MDL 390C.IN STOCK 

MDiHO.FORALL MDL315t)C 0 READY 

M0L3O0C.AST MOI IRE-TO SHIP 

MDL340C NEW LOW MPL38&30 CALL 
AST3Ba't6SX..PniCWG 

WCHKSTATIOME 

AST106X...._...ALL AST 

AST 386SX Modei 5 1 Modet 4S. . - WORKSTATIONS 

AS I Bravo. , . .. IN STOCK 

SAMSUNG PC TERMlNAL.28fi .91054,80 

EAflTHSTATtON V40 or 286. An:Tiei crr Elhemt?!. ..CALL 


LJC810.CALL LQStO.ALL EPSON 

U3S50. ...CDVir- l,Q96Q.MODELS 

FXBSO.-FOR BEST LQIOSO READY 

FX1050.mCE EVER LQ25SO.TO SHIP 

CDW"' Stoclisatlcutsbeelfieederaetidill?^^ 


P22100_... 
PBaoo. 


me 


.,.,$344.63 P5300. 

S09L12 PgeOXL...1039,34 


mcMWD mL 


S1190I8& 

_$136SL70 


$3237.00 

4238,70 

4943.82 

5375,30 


PBIOOO, 12 MHz.. ..S12ia?0 RBSOO. 12 MH? 

PSIOOO, 4G .*151461 PBBOD, 16 MHz... 

TOSHliA 

T-IOOO.$6S7.3S '1000 

Tl2Q0,2E)rr™. .1435-74 T5100. 

T1200. Ktfcteg.l9S9.fiO IS2OO.40Mc^ 

T310Oe.2600.76 T530D, 1 DO ‘ 

T3200SX. INSTOCK CALL FOR 

WVSE 

$095.50 MDI.2214... 

.1271,20 MDL3216... 

... .NEW MtJL3226.. 

SAMSUNG 

S-3006.4.77/TO MH?. $502.11 

S-5SCI ATCkMTip., 8/12 MHz.10.58-45 

S S6Q. 2D MeQ.'4D Meg.1425.90 /1499.45 

s-eao - 200,. . CALL 

IBM PS/2 

MDL 30236,1 Dr..l 412.10 MOL 30206, 2fl M . .171060 
MOL 7361 Port.5449,75 WH. 00, 70 Meg.5060.37 


ISOPiliOO 


321SL 
341SL 
351SX 


MDL 2100 

MDL 2112 . 

MDL21t0...„. 


$1021.30 
.2080,37 
.CALL 


236 MDL 1 $1540.05 3B0 25MHr6O.. 

TS0S. MIX 1 ■ 2324 49 

VENDEX WEAcStAfiT* 

Headsttfit III wA/GA Mcfittor ^ Fiee Sotnware .. .TOD LOW 
Heatttart XT _.....TO ADVERTISE 

NEW! 

Superspon SB, 2 Dr/W Meq . . CALL CDW"'* 

Superspon 206. 20/40 Msg FOR LOWEST 

desktops 

Z-24812MHZ . . ALL 

Z-2B6LP 12 MHi Mod 1 .ZENITH 

2-336 25 MHz Mtod. 1.. . ..DESKTOPS 

Z 386 33 MHz Mod . 1 .. . ..... IN STOCK 

WVSE SOtfiOAtnberarGrsen .. .-...$373,40 / $300,16 

WVSE 05 30 Aniber . ..375.00 / 294.10 

WVSE 99GT. . ....394.82 


PLOTTERS, DIQITIZERS & SCANNERS 


■^^Ca/Ci>rT^ 

1023. $3745,38 12^12. $35ai2 

1043DM....-.B82S.1 S 12 x 18...719.10 

1026-.-..4544.06 30 * 40. 3235.15 

Hupfm 

t2121S1.$349.06 36 s 40.$2631.53 

12 *17.409.35 4 Button Cursor. 75.00 

[mm 

■SnanrTran PC . $10808 ScanmaiP&S .. $225,50 


hy KODAK 

.-.-,..$309.17/41817 

TOSHIBA 

$460,95 Ejrpresswrnor 311 .... $377.16 

...59Z04 Expia^rilH 301 .32004 

949.95 CALL FOB ACCESSORIES 

biiodisf 

M-1724L. .$579,64 M '. $304.47 

HR20..34060 HR40...-..629,12 

OKP«A 

Ml.ieSTMftw S2:M.4e ML321. $479.20 

ML172-.......~.. 199.95 ML 390 .... 475^ 

Ml 390 NEW Ml :19’ 539.4B 

LASERLINE 6_....1292.6a ML 393.995 90 

Ml 320 329.se ML39a Cotor... . 1067.60 

Panasonic 

1124 . ...$339,18 1592-.$409/M 

1595.453L45 I191. 232.12 

110Q . 193,95 1524.,.... 562.10 

LASER PRINTERS 

aROTHER HL-Be $1790.90 

H-P LaserJet Model 2 / BD.189955 / 2744,95 

H-P Deskjet Phrs . .. . .67903 

H-P Laserjel IIP . -. ia34j07 

HP Deskwintef- .. 

NEC LC00O... 

PACIFIC DATA 25 ki 1 Cadrk^. 

PACIFIC DATA PPstscripl C^lridbe ... 

PACIFIC DATA Ptoflw ki a Cartrdge 

PACIFIC DATA 1. 

TD5HBA Page User 12.-_ 


SOFTWARE STARTER KITS 

$429.90 

Eflt^-Level 286 Startef KIL 3 Usera--.. . 

NiWFLL^efiHultwHiEV. 215 • 

.... .899,89 
1809-65 

WnVFI 1 SFTNfitwPtffi V ? 15 ... 

2980.80 

NOVELL NETPRO.—.. 

.... 1120.50 

INTERFACE CARDS 

■irOM pTHERI INK 

ARGNET PC 110 LANboarcl PS/2L. 

ARCNET PC 100 LANtXJard. 

ARCNFr PCrWF LANhoard 

ARCNET SMC T6.Blt Fite Seiver Board-„.„, 

ABCNET SMC t6-Bit Workstatkin Board. 

ETHERNET Interlace Connedor iNEI 000). 
ETHERNET Pkl? Board [lor 236) (NPGDQ).-. 

G-NET tnteriace Card w/CaMe. ... . 

NOVELL E^BTtpO. 

$375,40 

412.50 

.164.27 

189-30 

...,437.53 

.358:25 

298.90 
.._..605,35 
298,52 
.394.15 

THOMAS CONRAD 16 Pod Hub. 

THOMAS CONRAD 0 Port Hub... 

FrtiRrnfft TfirminalEim..... 

.699.25 

378.63 
. 3950 

NoveFI Italned and auiriotlzed sales and suipporl. 
See WORKSTATIONS Urvdex Computers, 


mzmai 

WCBDPERFECT5.05,25V3.5- . $229,90/238.90 

ASHTON TATE dBase 111+ / dBase IV.424.00 / 476.10 

ASHTON TATE MulIlmaleAdvanlage II.,. . . .230,12 

LOTUS T2-3 5SS^/3.5' V2^.339.95 

LOTUS I 2-3 V.3 LOTUS NiHworKw 337.00 1502-20 

BORLAND Paradox 3.0. 439.17 

BOBUND Duattrd / SideL^ +.__.14962 /131.25 

MICROSOFT Excel/WjJwtows.386..252.90/129.05 

MERIDIAN CarbOfi Cop/ __ 110.37 

SYMANTEC Q8A. .,21740 

SOFTWARE PUS. Har«lnJ Grapher . 274.71 

XEROX VeiYluroi Soltwere V^n 2J3.479j0a 


GOW'“ Cciloi'/Mono Garcia w/p. 

HERCULES’" Codw/MonoCaidaw/P 

AMOEK 4tClA/l2&0 . 

COMPAO Mono / VGA Mono. .. 

iBMPasasoo . . 

SAMSUNG Amber. 

NEC Monographi 


MODEMS & COMMUNICATIONS 


EVEHEX 12DOB / 24006.$97.90 /184.15 

EVE BEX 2400 E«. / 2400 PSfZ-...^ 199J30 / 20040 

INTEL 2460 lrN(wnn*€»lerniil 1*9 75i76.94 

HAYES 

HAVES t2D0.$270.60 24008. $224.45 

13006163-20 240DPSffl.387.15 

2400 .. ..41&08 PersonalWtodefn ,, 189.78 


NEC Monograph.. 

PGSMAXL^/MAXIS.-. 

Packard sell Green or /^mLier. 


$99,00/89.00 
140.14/17904 
149.99/679.78 
167.00/209.9& 

.289.95 

04,10 

.1297,25 

13940/250.20 
89-95 


IBMPS^B512 _ 

IBM PS/2 8513 .. 

EMERSON RGB Color 
SAMSUNG RGB Cokx • 
MAGNAVOX8762 . 


. $449.40 
540-28 
186-64 
- 199,00 
. . .259.05 


CALL 
309560 
. 263.86 
.... 47060 
247,50 
263.39 
2479-50 


i; 

CouHer 12D0.$189.60 1200 Extemat ... 

" ■-nuner 2400 279.60 £400fi... 


$129.10 

.199.78 

566.75 


1 


12x12 


$367.48 12x18 


$599.58 


HEWLETTPACKABD 

HP7440A..$968.30 

HP7475A.138909 

HP7550-..292055 

HP7570 LOWEST PRICE 

IIP7576EXL.CALL 

HP SCANJET H ...1049.05 


■IIDMP52/DMP-52MP 

, HJDMP-eZ 
Image MRker/.Jelprn 


S£ile0 

SerY ices/S u pprirt 
PrtMiuL'l Kniiwled^e 
On 1’imc Delivery 
Frequent Kuver^; Fro^ram 

1J4J m-TM-l■ 

FLOPHES, DRIVES & TAPES 

MNER40Mog $445.29 

VlNERlIOh^ . 025.20 

GENOA 60 Mag InL Tape / Ext. Tape.689.68 / 619-18 

GENOA 150 Meg ini ^. .!Z .1070.05 

IOMEGA 20+20 Extern^a:',... 1650-92 

IOMEGA B144 t/Bl 44X...998.65 /1299.10 

IOMEGA B244X.'0129X.1990.25 / 092.BO 

IOMEGA B220X, Exlemal 5.25'. 1619,40 

IRWIN 20 M / AO M Imernal Tape.399.18/539.20 

MOUNTAIN 4440 Int. / Ext.38008 / 507.75 

MOUNTAIN 150M Rlasate.. 1398,39 

PLUS Paaaparl 40 / 40 System KS.499.75 / 579J6 

PLUS PS/2 MC Sy^lem . 5 B 5.50 

PLUS DEVRlOP</|ENT 20 Mop'40 Mr« $527.44/677.80 
storage DIMENSION ALL MODELS.CALL 

WELTEC 5.25 ExtamSTRoppy...207.77 

*eFM!ni5crEbe 

MIN-0425.$239.40 MlN-3000.$591.40 

MIN-a438,...299.03 MIN-6085 „ .599.32 

^Seagate 

SEAGATE 20 Meg Sm58 SEAGATE 4096 BO 539.93 
SEAGATE 30 Meg ...28SL32 - ■ 

MtCRDPnLIS 


12006 . 100.43 14.400HST 

Dual t4.40C!HST . 96265 

MEGAHEITT2C0RP0RAT10M 

2409 tor ZENlTH..$t67.10 1200 fer COMPAQ g_T_$^0D 
2400 lor NEC . 225,88 2400 far TOSHIBA , 183.74 

AMERICAN 

AME-1200VX . . ..$911,43 AME-50OES . .,..$377,40 

AME-33aXT.257.72 AME-AOOflT.- . ...689.19 

AMF 450AT 321,82 

tQpes Shisici 
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language, C’s portability offers us an op¬ 
portunity to rewrite and port this hard¬ 
ware over to other platforms or to link 
hardware and peripherals with our soft’ 
ware drivers. In addition, the market- 
driven power behind C has increased the 
number of utilities, add-ons, and support 
tools available. 

The hardware platform we chose was a 
Compaq Deskpro 386 running at 25 
MHz with 4 megabytes of memory. This 
machine offers us speed, economy, and 
reliability. Our operating system ispreS’ 
ently Compaq DOS 3.31, which allows 
us to break the 32-megabyte file barrier. 
Migration to Unix is also available on the 
Compaq. 

Building the Voice Server 

The first task in building a voice server is 
to open a connection between the phone 
system and the computer system. We 
chose Dialogic’s D/41B multiline com¬ 
munications system, a board that handles 
all our telephone interface needs. The 
D/4 IB can detect and generate telephone 
Touch’Tones, as well as perform the 
A/D conversion needed for recording 
and playing back speech. 

Dialogic includes a source code C Ian- 
guage library with its boards. It has re¬ 
cently added Unix drivers to its software 
arsenal. My office uses a special home^ 
grown SCO (for The Santa Cruz Opera¬ 
tion) Xenix driver implementation on the 
Dialogic board. Thus, to remain consis¬ 
tent, we will probably continue to use our 
own drivers. Since the D/41B also han^ 
dies outbound calls, it can perform call¬ 
backs during peak-activity times and 
mail documents accompanied by an 
automatic voice-mail message. 

The D/4 IB board allows us to connect 
directly to a VPC 1000 voice-recognition 
board from Voice Processing Corp. that 
handles the required O’through-9, yes- 
and-no vocabulary with a remarkable 97 
percent accuracy. The occasional recog¬ 
nition failure is usually with a female 
voice. Since voice-re cognition mirrors 
Touch-Tone entry, recognition problems 
allow us to fail back to Touch-Tone com¬ 
munication, with a voice prompt so in¬ 
forming the user. 

You need a lot of power to run voice 
recognition. The VPC 1000 has an 
80386 chip, 1 megabyte of memory, and 
a digital signal processor chip on-board. 
While the D/41B has four telephone 
channels on each board, we dedicate one 
voice-recognition board per channel at 
present so that each caller receives a pos¬ 
itive response. In the future, we plan to 
use the DSP’s speed as well as the board 
as a whole to multiplex four voice chan¬ 


nels to a single VPC 1000 board. This 
plan is economical in both cost and slot 
count. 

Text-to-speech technology can elec¬ 
tronically transform ASCII text into a 
human-sounding voice. Its success is 
usually judged by the naturalness and 
level of intelligibility that the generated 
voice portrays. You can often tweak the 
output somewhat for specific vocabular¬ 
ies with the help of an exception table. 
But the output of even the belter speech- 
synthesis systems still sounds like a com¬ 
puter voice with a cold. 

The key word here, however, is intelli¬ 
gibility. The Speech Plus Prose 4000 
voice module board that we use produces 
excellent synthesized speech but takes a 
few minutes to get used to. While short 
utterances can be tuned to sound remark¬ 
ably lifelike, you soon become acquaint¬ 
ed with the special lilt of the computer’s 
synthesized dialogue when it attempts a 
longer speech. 

Selecting a Server 

Choosing a database engine is an inter¬ 
esting exercise. While you could prob¬ 
ably use a standard microcomputer data¬ 
base such as dBASE III or TV, Fox BASE, 
or Paradox, we decided to use Unify 
Corp.’s Unify database because it offers 
strong fourth-generation language and 
Structured Query Language support. 
The Unify products are fully compatible 
over a wide range of hardware platforms 
ranging from microcomputers to super¬ 
minicomputers running under Unix. 
Furthermore, the C language interface 
allows us to integrate our other systems’ 
features with the database. 

As the size of the document file grows, 
the care and feeding of the database en¬ 
gine become all-important. The key to 
offering a consistent user interface to the 
system lies in the way the filename for 
each image or document is structured, as 
well as in the relationship of the descrip¬ 
tive fields of each record in the database. 
Wherever possible, naming conventions 
should be intuitive; it quickly becomes 
tiresome to have to look up names in 
cumbersome printouts or on inquiry 
screens. 

The Most Important Choice 

Because the document image processing 
(DIP) engine is the heart of the VDDS, 
choosing an engine was very difficult. 
We could have chosen a ready-made bun¬ 
dled engine, such as the Optical Filing 
System from GeneSys Data Technol¬ 
ogies for our DOS machines, Image- 
Server 200 from Document Technol¬ 
ogies for Unix, or ImageSystem from 


Image Business Systems with its excel¬ 
lent scanning conventions. All work as 
stand-alone servers and would integrate 
easily. 

For this product, however, we decided 
to go with the KIPP Image Processing 
Platform Developer’s Toolkit from Ko- 
Fax Image Products (see “The Paperless 
Office,” July BYTE). The new KIPP 
Developer’s Toolkit offers a fast way of 
getting up and running painlessly. Ko- 
Fax upgraded its technology with new 
hardware and software releases this fall. 
While the document server runs under 
DOS, KoFax has upgraded its software to 
run under Microsoft Windows, which is 
fast becoming a standard. 

The KoFax technical staff is porting 
the software to run under Xeni;^Unix, 
which will make maximum use of 80386 
(and 80486) capabilities. In the future, 
we expect to be able to run KIPP on such 
diverse engines as the IBM RT, Sun386i, 
and Data General machines—platforms 
that have AT or Micro Channel adapter 
slots. 

The KoFax engine stores files in TIFF 
as well as CCITT Group 3 and 4 fax for¬ 
mats. It supports a wide range of scan¬ 
ners and printers at 150, 200, 300, and 
400 dots per inch. With the KoFax 
board, we used the KoFax KIPP library 
of software utilities to speed up system 
development. The speed of scanning and 
printing to screen is important, as it has 
an impact on the system in a busy office 
and the throughput to the fax server. 
Screen write speed with KIPP is very 
impressive. 

Optics Only 

The imaged documents are stored on op¬ 
tical disk. The document-storage server 
allows you to use 514-inch and 12-inch 
WORM (write once, read many times) 
drives as well as 5‘4-inch erasable opti¬ 
cal drives. Implementing a real-life sys¬ 
tem can in fact involve mixing all three 
or standardizing on a single format. With 
the Future Domain SCSI TMC-830 host 
adapter, we could mix all three. 

The Future Domain board arrived 
with software drivers for DOS, Xenix, 
Novell, Interactive Unix, and OS/2. To 
interface with the optical drives, Opti- 
Driver from Optisys allowed us to use an 
optical disk as if it were any other mag¬ 
netic peripheral storage device. Opti- 
Driver lets us buffer to DOS memory or 
magnetic memory, streamlining the 
scanning and writing to disk. 

For this application, my office chose 
Sony’s 12-inch WORM drive (the WDD- 
3000 writable disk drive) and the 514- 
inch SMO-S501 magneto-optical (MO) 


312 BYTE- DECEMBER 1989 








PEPPERONI AND PAPERWORK 


II KMS DIM I SSKD 


Compaq Deskpro 386 
Compaq Computer Corp. 

20555 FM 149 
Houston, TX 77070 
(713) 370-0670 
Inquiry 865. 

D/41B multiline 
communications system 
Dialogic Corp. 

300 Littleton Rd. 

Parsippany, NJ 07054 
(201)334-8450 
Inquiry 866. 

FaxPhone 20 
IX-30F image scanner 
LBP-8 Mark III R laser printer 
Canon U.S.A., Inc. 

One Canon Plaza 
Lake Success, NY 11042 
(516) 488-6700 
Inquiry 867. 

GammaFax CP 
GammaLink Graphics 
Communications 
2452 Embarcadero Way 
Palo Alto, CA 94303 
(415) 856-7421 
Inquiry 868. 

GoScript 
LaserGo, Inc. 

9369 Carroll Park Dr., Suite A 
San Diego, CA 92121 
(619) 450-4600 
Inquiry 869. 

HUaak 

Inset Systems, Inc. 

71 Commerce Dr. 

Brookfield, CT 06804 
(203) 775-5866 

Inquiry 870. 

ImageSystem 

Image Business Systems Corp. 

140 East 45th St. 

New York, NY 10017 
(212) 972-4400 
Inquiry 971. 


ImageServer 200 
Document Technologies, Inc. 

2465 East Bayshore Rd. 

Palo Alto, CA 94303 
(415) 858-0372 
Inquiry 872. 

KIPP Image Processing Platform 
Developer’s Toolkit 
KoFax Image Products 
3 Jenner St. 

Irvine, CA92718 
(714) 727-1733 
Inquiry 873. 

LF5010 

Panasonic Industrial Co. 

Two Panasonic Way 7F1 
Secaucus, NJ 07094 
(201)392-6071 
Inquiry 874. 

Optical Filing System 
GeneSys Data Technologies, Inc. 

11350 McCormick Rd., Suite 1300 
Hunt Valley, MD 21031 
(301)785-0660 
Inquiry 875. 

OptiDriver 
Optisys, Inc. 

8620 North 22nd Ave., Suite 109 
Phoenix, AZ 85021 
(800) 327-1271 
Inquiry 876. 

PC-Slave/286 

Alloy Computer Products. Inc. 

165 Forest St. 

Marlborough, MA 01752 
(508) 481-8500 

Inquiry 877. 

Prose 4000 voice module 
Speech Plus, Inc. 

1293 Anvil wood Ave. 

Sunnyvale, CA 94088 
(408) 745-1818 
Inquiry 878. 


RDSP/4232 
Rhetorex, Inc. 

1671 Dell Ave., Suite 208 
Campbell, CA 95008 
(408) 370-0881 
Inquiry 879. 

SMO-S50I magneto-optical 
erasable drive 

WDD-3000 writable disk drive 
WDD-600 writable disk drive 
WDC-2000-10 disk 
drive controller 
Sony Corporation of America 
Sony Dr. 

Park Ridge, NJ 07656 
(201)930-6025 
Inquiry 880. 

StarLAN 10 Network 

AT&T Data Systems Group 

Call your local AT&T representative for 

more information. 

Inquiry 1176. 

TMC-830 host adapter 
Future Domain 
1582 Parkway Loop 
Tustin, CA 92680 
(714) 259-0400 
Inquiry 1177. 

TR112 twin-channel fax card 
Brooktrout Technology, Inc. 

110 Cedar St. 

Wellesley Hills, MA 02181 
(617) 235-3026 

Inquiry 1178. 

Unify 
Unify Corp. 

3870 Rosin Court 
Sacramento, CA 95834 
(800) 248-6439 
Inquiry 1179. 

VPCIOOO 

Voice Processing Corp. 

One Main St. 

Cambridge, MA 02142 
(617) 494-0100 

Inquiry 1180. 


erasable drive, plus the new Panasonic 
LF 5010 5‘A-inch WORM drive. The 
Sony 12-inch WORM drive provides us 
with 3.2 gigabytes of storage per disk 
(Sony has also announced the WDD-600 
WORM drive, which doubles this capac¬ 
ity), while the LF 5010 offers 940 mega¬ 
bytes per disk. Both of these companies 


also offer optical jukeboxes for large 
storage requirements. 

The Sony MO erasable drive proved 
exceptionally easy to address as a SCSI 
device and looked like a magnetic drive 
even without a software driver. This 
erasable optical drive is perfect for situa¬ 
tions where archived documents are 


stored at another location or where ar¬ 
chiving is unnecessary. While the eras¬ 
able medium is significantly more ex¬ 
pensive than the WORM drive, the 
capability of a million erase and rewrite 
operations proves cost-effective very 
quickly. 

continued 
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K you're looking ior some 
good reading, you've just 
found it. The free Consumer 
Information Catalog. 

The Catalog lists about 
200 federal publications, 
many of them free, They 
can help you eat right, 
manage your money, 
stay healthy, plan your 
child's education, learn 
about federal benefits 
and more. 

So sharpen your pencil. 
Write for the free 
Consumer Information 
Catalog. And get reading 
worth writing for. 

Consumer Information Center 
Department RW 
Pueblo, Colorado 81009 

A public service of this pubFic^tion and the Consumer 
Information Center of the U.S. General Services Administration, 


Picking Peripherals 

For scanning documents through the 
KoFax board, we selected the Canon IX- 
30F image scanner, a gray-scale auto¬ 
matic-feed scanner that the KoFax 
drivers support. The gray-scale capabil¬ 
ity offers a range of document functions, 
including text, graphs, drawings, maps, 
and pictures at 300 dpi in up to 256 
shades of gray. A number of software 
programs are available to support optical 
character recognition on the IX-30F. A 
number of other scanners also use the 
Canon engine. 

We also needed a laser printer so we 
could print documents at a clerical work¬ 
station. KoFax also supports the Canon 
LBP^S Mark III R laser printer, which 
has 300-dpi resolution and 8-page-per- 
minute output. This particular model 
prints two-sided documents and has a 
wide range of font and memory acces¬ 
sories. 

The Fax Server 

The heart of the fax server is the Gam- 
maFax CP board from GammaLink 
Graphics Communications. Bundled 
with special communications software, 
the GammaFax CP board has an on¬ 
board 80188 processor and 256K bytes of 
memory, thus providing an efficient 
background-automated fax service. Ad¬ 
ditional GammaLink software converts 
PostScript language files into 196-dpi 
fax files. 

With the aid of software such as Go- 
Script from LaserGo (which comes bun¬ 
dled with HUaak from Inset Systems), 
the fax server can send PostScript-qual¬ 
ity documents. The output offers the sys¬ 
tem high-quality fax and improves the 
readability of all material. 

Several new fax-board products have 
appeared that add additional automated 
utilities to a fax server. Some products, 
like the TRI12 twin-channel fax card 
from Brooktrout Technology, offer two 
fax boards in one slot and may also add 
features that automate fax transmission. 
To remain consistent for hardware sup¬ 
port and service, we chose a Canon Fax- 
Phone 20, because it can be used as both 
a phone and a fax machine. However, 
whatever fax hardware you currently 
have will also work. 

Linking to the LAN 

The voice server is just one access point 
for the document server. As a strictly 
voice-in/document-out system, it would 
scan in the documents and catalogue 
them at a systems manager's workstation 
as part of the basic DIP engine. In a 

afntinued 
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V.42 compliant 


Get fast relief from high prices widi ATTs 
high-performance, erroraee modem for 
a fraction of the price. 


Allergic to high modem prices? 
Here's news tnot will clear your 
head, not your budget. 

ATI® technologies' 24(X)etc/e® 
external modem* meets the competition 
feature for feature.. .and then some! 
Remarkably, it costs just a fraction of the 
price. 

Relief is fast. With MNP® level 5 data 
compression, the 24(X)etc/e's throughput 
speed exceeds 48(X)bps, thereby lowering 
transmission costs. 

The 2400etc/e complies with the 
CCITT V.42 erTor<ontrol standard, in¬ 
cluding LAP-M and MNP, for 100% error- 



free data transfer. As well as offering 
synchronous operation, it's fully compat- 
iole with the standard and extended 
Hayes® 'AT' command sets. Plus, ATI's 
easy-set front panel controls provide 
convenient access to frequently used 
commands. 

Don't suffer from high prices. The ATI 
2400etc/e external modem cures Hayes 
fever for only $299,** And that's nothing 
to sneeze at. 

You'll be relieved to bow that ATI also 
offe5 a high-performance internal modem, 
the 2400etcA, at an equally non-allergic 
price. Only $239.** 


For more information, 
contact your supplier or 

ATI Technologies Inc. 
3761 Victoria Park Avenue 
Scarborough, Ontario 
Canada Ml W3S2 
Tel: (416) 756 k 0718 
Fax: (416) 756-0720 
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Experts Agree on WATCOM C: 

"We searehed the industry for the 
best 286 and 386 C-compiler 
technology to incorporate with our 
developer toolkits. Our choice was 
WATCOM/’ 

Nmt€y WfifNiwiinL I/* ^ GM 
FnHiuL%\ 

Noveih hiL\ 


"WATCOM’s latest 
release of its rising star 
is a clear winner....It is a 
clearly superior value 
when compared to all 
compilers...' 

HkhtmiRdph 

iNFOWOHLD, May 22. f9H9 


"WATCOM is clerinitely the leader 
in object-level optimizations...For 
flat-out executable speed, 
WATCOM's compiler was the clear 
winner," 

Steve ApikimtdJon Udel! 

BYTE. Fehriutry {9H9 

"WATCOM C broke with 
tradition to make a fast 
efficient C programming 
environment that has 
other C compiler designers 
rethinking their strategy." 

PC Jmnj0ry i 7, m9 

" Microsol't library- and 
sourcc-compatibilitv makes 
WATCOM C7,d /386 ideal for 
porting DOS applications to 32-hit 
native mode. This compiler enables 
full 386 performance yyithout 640K 
limitations," 

Hit-hiird M. Smith. Fir.yident 

Fhar Lap Software. Inc. 



Si«tvftHr IJ IVlfl 


WATCOM C7M 

ANSI C opUniiiiiinf cwiT^pilcr and njndime 
library, graphics library. wjndriwciJ st^Lirce-level 
debugger, <JeveU»pmenl tools, and Express C 
integrated envinmmenl for DOS and embedded 
systems. Price; $3^5.IMt 

Now WATCOM C7.013M 

ANSI C optimizing compiler and run-time 
library plus development lacth supporting 3R6 32-hit 
protect mcHie for embedded systems and DOS 
extenders including 80386 software tcxtls tVom Pbar 
Lap Software and OS/386 from A. L Architects. 
Price; SK^^.OO 


for specifications, licensing 
options and orders, contact: 


WAT^ 


}-600-265-4555 


WATCOM 

415 PhiJ lip Street 
Waterloo. Ontario 
Canada N2L 3X2 


Telephone: (519J 886 3700 
Telex: 06-955458 
FAX; (519} 747-4971 


WATCOM A Express Cut liKteirurta of WATCOM Sysumi loc. 


departmental configuration, the voice 
server looks like a terminal on the docu¬ 
ment-delivery system. 

To add departmental workstations on 
the system, an AT&T StarLAN 10 Net¬ 
work expansion board maintains a high 
throughput rate (10 megabytes per sec¬ 
ond). It also includes software optimized 
for the 80386 under DOS, as well as 
Unix and LAN connectivity by way of 
Ethernet. 

Alloy Cornputer Products' PC-Slave/ 
286 cards are also an economical choice, 
adding two workstations per card in a 
star network configuration. For docu¬ 
ment distribution outside the depart¬ 
ment, you can connect the VDDS to just 
about any PC LAN or workstation on the 
network. 

With an upgrade path toward the new 
RISC servers, the growth path of the 
VDDS in terms of document-storage ca¬ 
pacity and power is virtually unlimited. 

Other Options 

With the sheer volume of products avail¬ 
able today, it’s possible to customize the 
VDDS to handle a whole raft of side 
issues. In our system, we keep track of 
who placed an order and on which docu¬ 
ments, the volume of orders, the time of 
day, the length of time between placing 
the voice order and the output, and so on. 
This statistical information, some of 
which comes out of the password-secu¬ 
rity system, can be important in spotting 
problems and planning for the future. It 
is my experience that a system like this 
will be used more and more as people 
find their way around it and develop 
shortcuts to the information they need. 

With this system, you can mix file for¬ 
mats and store material prepared for 
WordPerfect, Microsoft Word, Page¬ 
Maker, Ventura Publisher, and other 
files and output them to a desktop fax 
machine. As an alternative, you can in¬ 
terface a low-cost ink-jet or laser printer 
with a modem and use that setup instead 
of the fax. The VDDS is designed as a 
series of stand-alone modules. Thus, you 
can add a voice server to an existing or 
planned DIP and a fax server at the end of 
any DIP. 

With the integration of DSPs into sys¬ 
tems, many existing board sets will pro¬ 
vide remarkable multiple functionality 
that will help to reduce not only board 
count but also cost. We have been testing 
a phone-interface board from Rhetorex, 
the RDSP/4232, which uses a Texas In¬ 
struments 32025 DSP. The on-board 
DSP provides significant potential for 
adding speech recognition and text-to- 
speech capabilities via algorithms in 


software or ROM and for eliminating the 
use of specific boards to perform these 
functions, Steve Jobs embraced this po¬ 
tential when he included a DSP in the 
NeXT computer. 

A Few Steps Further 

Currently, we are working on an ap¬ 
proach in which the VDDS is but one 
building block in a more comprehensive 
information system. This system, origi¬ 
nally designed for law firms with heavy 
practices in trial law, merges voice and 
document into a whole new dimension. It 
lets you store any phone conversation, 
phone interview, voice-phone message, 
or voice annotation of any document on 
the fly. It can take dictation and attach it 
to any E-mail message, vocalize E-mail, 
voice-forward comments or conversa¬ 
tions to any other user, store voice or 
commented documents for future refer¬ 
ence, or forward voice packets to be 
transcribed, 

VDDS enables a hypertext-like capa¬ 
bility between documents and permits a 
kind of “hyperspeak” function that ap¬ 
pends voice comments or voice of any 
sort to document hypertext buttons. For 
ullrasecurity situations, if password pro¬ 
tection isn't sufficient, voice security 
can be added: You simply say your name 
when logging onto the system. The voice- 
security board can handle up to 3000 
voice masks, each mask being a person's 
voice speaking that person’s own name. 

Documents to Go 

The real world has an awful lot of paper- 
loaded file cabinets. As data-entry tech¬ 
niques improve and as we learn to rely on 
the computer terminal instead of hard 
copy, maybe this mountain of paper will 
go down. 

But even in an optimal situation, we 
will always need to store images of docu¬ 
ments with legal and graphical content or 
to call up digital data without a screen 
and keyboard. By adding a voice server 
and a fax server to any type of system, 
you increase data-distribution possibili¬ 
ties by the millions of telephones that are 
currently sitting on desks everywhere, 
and at a minima! cost per user. 

So, the next time I get back to the of¬ 
fice after 5:00 p.m. with lots of work sti 11 
to do, I think I'll just pick up the phone 
and order some documents along with 
my pepperoni and extra cheese. Can I get 
you anything? ■ 


Im Scherr is presidem af Digimi Voice 
Systems, Inc. (Bronx, NY). He has an 
M.A. from Columbia University and can 
be reached on BIX do '"editors, ” 
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Now There’s a Periscope 
Boaid for Your IBM PS/Z 




Periscof^ 


Don’t worry about trashing your 
debugger, debugging large 
programs, or erratic bugs. 

With this new board in your 
IBM PS/2 or compatible, 

Periscope uses zero memory 
in the lower 640K. So you don’t 
have to worry about things 
like a runaway program 
trashing your debugger, 
or not being able to 
debug a very large program, or having 
bugs appear or disappear when yon load your debugger 
Use the break-out switch, which pings into the board, to 
break in to your system safely any time. It keeps you from 
having to power down and back up when your system 
hangs. You can just press the little red 
*'panic” button to find out exactly what 
is going on. 

Peri^ope Model I for PCs, XTs, 

ATs, and ATcomjxitibk 80386s^ The 
manual, disk and quick-reference card 
shown come wtih all models of Periscope. 




All models include Version 4.3 software, 
manual, and: 

> Nm Periscope I/MC (MC Board for short) 
has 512K Micro Channel-compatible board 

& break-out switch.* $745, 

■ Periscope I has 512K PC- and AT 
compatible board & break-out switch_$695. 

■ Periscope II has break-out switch_$175. 

■ Periscope U-X has no hardware ...... $145. 

■ Periscope III has PC- and AT- 
compatible real-time board (to lOMHz) & 

break-out switch. $1395, 

■ Periscope IV has 80286 and 80386 AT 
compatible real-time hardware (to 25MH2) 

& breakout switch. $2195-$2995. 

i PLUS board is Model I board {no software), 

optional with Models III & IV.. $500. 

Call Toll-Free Ibday For More 
Infonnation 800-7227006 

MAJOR CREDIT CARDS AND QUALIFIED 
COMPANY PURCHASE ORDERS ACCEPTED 

IBM, PS/2, OS/2, and Micro Channel are 
registered trademarks of the IBM Corporation, 


FINALIST 


1197 PEACHTREE ST. • PUZA LEVEL • ATLANTA, GA 30361 
404 r87S-6080 FAX 404-872-1973 


The 

Periscope 

Company. Inc. 


With the new Periscope® Model PMC, you now 
have the same robust Periscope Model I debugging 
capabilities using a PS/2 with Micro Channel® 
architecture that you already have using a PC, XT, 
AX or AT-compatible 80386 machine. 

Just like the current Periscope Model i, 

Periscope Model I/MC has a 32K footprint in 
system memory, above 640K but in the first 
megabyte. The board stores the Periscope software 
and all debugging information {symbols, etc.) 
in its write-protected RAM. 

Designed for use in machines with the IBM 
Micro Channel bus architecture, the board 
allows you to add chips to extend the 512K 
of write-protected RAM to a full two megabytes, 
if need be, (Most developers find 512K to be 
quite enough, however.) 


Real-time hardware- 
assisted debugging of 
programs running on 
PS/2s is now possible! The 
remote feature of the new 
Version 4.3 Periscope software 
enables Periscope IV to support 
real-time debugging of programs 
running on DOS-based machines, 
including those with Micro Channel 
architecture. The open architecture 
remote debugging feature will 
support OS/2® and other protected- 
mode environments in the near future, 
for details. 


Choose from a full line of 
professional software and 
hardware-assisted models. 
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Hot 

S 386/20 MHz 
System 

\ Scorching 
386/20 MHz 
Price 


COMPLETE SYSTEM: 20MHz Processor; 
65MB Hard Drive; KBS Data Transfer; 

IMB RAM (Expandable to 16MB); UZ and 1.44 
high density floppy drives: 14" Monitor; Here* 
Compat. Card: MS-DOS 4 * 01 : Full Size 
Desktop Case with 5 drive hays; OmniKey 
Keyboard: l-Year parts/lahor warranty; 
Replacement parts expressed overnight at our 
expense or At-Your-Omce Next Day Onsite 
Serv ice, one year at no extra cost. THE BEST 
PHONE TECH SI PPORT IN THE 
COMPUTER BUSINESS. Toll free, unlimited. 
NOTE: Pipeliiiff Page Mude livstem arehitecturr is 
preferre<l m many appliCHtinns to catht design. It is faster 
thiui all but the largest carhe systems in eeriain 
applications requiring substantial nwmory tails. 

**BUyEkS BEVlARH! Norfhgate charges credit card 
s^es only when your sysiem ts in the shipping pnicess. 
Some others use your numey by charging cards at 
time of sale. V\!e recom mend you he aware of this 
w hen con sid ering yo u r vendor. 






■s" - __4.' \ , 


When you want to know 
all about a computer 
system ...Ask 
Dr. Jerry Poumelle.* 

Put a machine in Pournelle’s workshop. He’ll 
soon tell you everything you want to know about 
it with no punches pulled. 

Recently, Dr. Poumelle looked at Northgate’s 
80386 Pipeline Page Mode system and reported 
in BYTE July, 1989 (excerpted); 


* Jerry Pbumclie hotels i. ductoratc in ps)n:twlcigy and is. a 
wniier who also earns a comronablc living writing 
ibout eompaters present and fulure 


















the case is sturdy, and the motherboard 
construction is clean and neat. The boards are 
thick; I’ve seen some clones with boards so thin 
they wave in the breeze.” 

”... I like this machine a lot.” 

”... The workmanship is superior.” 

”... there sure wasn’t any installation required 
for this system. I just turned it on, and it came up 
in MS-DOS 4.01.” 

[a software program] ... “which is all graphics is 
almost twice as fast on the Northgate 80386 as 
on my other machines. So is Windows ...” 

”... I rate the Northgate 80386 as better than 
good enough on CPU and disk speed and wow! 
on video speed.” 

@Copyri^l Northcate Compuier Systenn. Inc 1969 Al Right* Reserved 
Northgate. OMNIKEY/102. OmniKey PLUS end dv Northgate N logo are trademarks at 
Northgate Computer Sy-stems, Inc Al ocher product and brand names are trademarks and 
regMered trademarks of their respec ti ve companies 


”... I have reports from other people who have 
Northgate computers, and they’re happy.” 

”... All in all, the Northgate 80386 looks like 
one of the best deals in town.” 

SUDDEN SERVICE: We Ship All Orders 
for 386/20 Systems within 4 days!** 

CALL TOLL-FREE 24 HOURS EVERY DAY 

800 - 548-1993 

NORTHOiKrE COMPUTER SYSTEMS, INC. 

RO. Box 41000, Plymouth, Minnesota 55441 

Canada: 800-338-8383 

FINANCING: Use the Northgate Big ’N’ revolving credit card We have 
millions in financing available. We accept your Visa or MasterCard too. 

Lease it with Northgate. up to five-year terms available. 

Prices and specifications are sub|ect to change without notice. 

Northgate reserves the right to substitute components of equal or 
greater quality or performance. All items subject to a\ailability 
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IN DEPTH 

SOUND AND IMAGE PROCESSING 


Words and Pictures 

The products listed in the first section of this resource guide are PC board products that bring speech-recognition 
technology to your desktop. The second section deals with visual information. The hardware products listed let you 
perform digital image processing on your desktop. 


Voice-Recognition 

Boards 

Cherry Electrical Products 
3600 Sunset Ave. 

Waukegan, IL 60087 
(312) 360-^3500 
Cherry VoiceScrihe 1000 

Plus.... $3400 

Speaker-dependent voice- 
recognition hoard for DOS 
computers. Each user can train the 
system with up to /OOO words and 
phrases per application. 

Inquiry IISL 

Dialogic Corp. 

120 LitdeEon Rd. 

Parsippany, NJ 07054 
(201) 334-8450 

VR/IO........$3695 

Speaker-independent voice- 
recognition board for use with 
Dialog’s DialogMX DTMF call¬ 
processing hoards; recognizes 16 
words by any speaker over phone 
lines; works with the IBM AT and 
compatibles. 

Inquiry 1182. 

International Voice Products 
14251-B Chambers Rd. 

Tustin, CA 92680 
(714) 544-1711 

VoiceLink SRB-LC II.. $350 

Speaker-dependent voice- 
recognition board for DOS 
computers; provides an alternative 
to keyboard input for applications. 
Inquiry 1183, 

Kurzweil Applied Intelligence, Inc. 

411 Waverly Oaks Rd. 

Waltham, MA 02154 
(617) 893-5151 

VoiceEM................$18,900 

Large-vocabulary speech- 
recognition system that automatically 
creates emergency medical reports; 
uses trigger phrases as shorthand; 
works with 8038&based systems or, 
optionally, comes with an 80386- 
based computer. 

VoicePath...$18,900 

Speech-recognition system for 
producing medical pathology reports; 
features large, application-specific 
vocabulary and trigger phrases; runs 
on 80386-based systems or comes 


with an 80386 computer. 

VoiceRAD.$18,900 

Speech-recognition system for 
producing radiology reports; features 
large vocabulary and trigger 
phrases; runs under 80386 systems or 
comes with an 80386 computer. 

VoiceReport..$12,900 

Development system that lets you 
create customized speech-recognition 
applications for the Kurzweil 
Acoustic/Phonetic Analyzer Card; 
features KBEdit, a knowledge-base 
editor; runs on 80386-based 
computers. 

Inquiry 1184. 

MTI, Inc. 

14711 Northeast 29th Place, 

Suite 245 

Bellevue, WA 98007 
(206) 88M789 

Pronounce Plus...$799 

Speaker-dependent speech- 
recognition board for DOS systems 
that lets you drive applications and 
launch custom macros under voice 
control; on-line capacity of 256 
words and phrases. 

Inquiry 1185. 

Scott Instruments Corp. 

1111 Willow Springs Dr. 

Denton, TX 76205 
(817) 387-9514 

SIR Model 20...... $1495 

Speaker-independent speech- 
recognition system for the IBM AT 
and compatibles; can have up to 
160 words active at once; also 
performs digital audio playback. 
Inquiry 1186. 

Spectrum SignaJ Processing, Inc. 
3700 Gilmore Way, Suite 301 
Burnaby, Canada BC V5G 4M1 
(800) 663-8986 
(604) 438-7266 
Model ^PD7763/4 PC 

Card. $1695 

Speaker-dependent speech- 
recognition and synthesis card with 
127active words; with DOS 
computers. 

Pro-Audio Interface. $ 1850 

Speech analyzer, pattern 
comparator, and speech synthesizer 
for DOS computers. 

TMS320C25 Voice Processor 
Board....... $1295 


Speech-processing board for DOS 
computers; features software 
development system. 

Inquiry 1187, 

Texas Instruments, Inc. 

P.O. Box 655012, Mail Stop 57 
Dallas, TX 75265 
(800) 527-3500 

Tl-Speech Hardware ... $995 

Speech-recognition board for DOS 
computers; features a dedicated 32- 
bit processor and 32K-byte dual- 
port RAM; software tempts and 
telephone interface avd^ble. 

Inquiry 1188, 

The Voice Connection 
8258 Kingsiee Rd. 

Bloomington, MN 55438 
(612) 944-1334 

IntroVoice V..$495 

Voice-input system for DOS 
computers; features 500 words or 
phrases per resident library. 

IntroVoice VI..,....$695 

Voice I/O system for DOS 
computers; features 500 words or 
phrases per resident library and 
unlimited text-to-speech synthesis. 
Inquiry 1189, 

Voice Control Systems 
14140 Midway Rd., Suite 100 
Dallas, TX 75244 
(214) 386-0300 

TeleRec..... $2495 

Speaker-independent voice- 
recognition system for DOS 
computers; uses discrete recognition 
technology. 

TeleRec II........ $3495 

Connected-speech voice-recognition 
system for DOS computers. 

Inquiry 1190. 

Votan 

4487 Technology Dr. 

Fremont, CA 94538 
(800) 288-4756 
(415) 490-7600 

Voice Card .. $1800 

Speaker-dependent continuous- 
speech voice-recognition system for 
the IBM AT and compatibles; 
features immunity to interference 
from background noise, voice 
output, and optional telephone 
interface. 

Inquiry 1191, 
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IN DEPTH 


SOUND AND IMAGE PROCESSING 


Image-Processing 

Hardware 

DataCube, Inc. 

4 Dearborn Rd. 

Peabody, MA 01960 
(508) 535-6644 

MaxVision AT-1.... $9500 

Image-processing subsystem for the 
IBM AT and compatibles: acquires^ 
processes, and displays 512- by 
512-pixel, 8-bit, gray-level images. 
Inquiry 1192. 

Data Translation, Inc. 

100 Locke Dr. 

Marlborough, MA 01752 
(508) 481-3700 

DT2858 .. $1695 

Image coprocessing board for use 
with other Data Translation boards. 

DT2861-60H2. $4995 

Arithmetic frame grabber for the 
IBM AT and compatibles; features 
ALU, lookup tables, and 512-by 
512-pixel, 8-bit, grayscale frame 
stores; also available in a phase- 
alternate line (PAL) version. 

DT2862-60HZ. $2995 

Arithmetic frame grabber with four 
frame-store buffers for the IBM AT 
and compatibles; features ALU, 
lookup tables, and four 512- by 512- 
pixel, 8-bit, grayscale frame 
stores; PAL version also available. 

DT2871-60HZ....... $3995 

Color frame grabber for the IBM 
AT and compatibles; features 16.8 
million colors at 512- by 512-pixel 
resolution; PAL version available. 

QuickCapture.$1995 

Frame grabbers for AT- and MCA- 
bus systems; features include lookup 
tables, square pixels at 768- by 
512-pixel resolution, and 8-bit grcty 
scales; PAL version available. 

Inquiry 1193. 

Imaging Technology, Inc. 

600 West Cummings Park 
Woburn, MA 01801 
(617) 938-8444 
PCVISIONplus Frame 

Grabber.. ..$1995 

Real-time video aquisithn, storage, 
and display board for DOS 
computers; features 1024- by 512- 
pixel resolution, 8-bit buffer, square 
pixels, I/O lookup tables, 
pseudocolor display, and software 
support. 

VISIONpIus-AT Advanced Frame 
Grabber...... $7995 


Two-slot, 34010-based image 
processor for the IBM AT and 
compatibles; features resolutions up 
to 1024 by 1024 pixels with 8 bits 
per pixel. 

VI^ONplus-AT Color Frame 

Grabber....$3995 

24-bir, 768- by 512-pixel color 
video frame grabber for the IBM AT 
and compatibles; features lookup 
tables, 4-bit overlays, and optional 
National Television System 
Committee/PAL decoding and 
encoding. 

VISIONplus-AT Image 
Processing Accelerator....... $4495 

32-bii floating-point processor 
(TI320C30)for V/SIONplus-AT 
products; resides in an AT slot but 
uses the VISIONbus. 

VISIONplus-AT Overlay Frame 

Grabber....$2395 

8-bit frame grabber for the IBM AT 
and compatibles; provides 256 gray 
levels or pseudocolor display; 
features 768 by 512 square pixels, 
lookup tables, and 4 overlay bits. 
Series 151 Image 

Processor .. $28,990 

Image-processing subsystem with 
bus connections to AT, MCA, and 
VMEbus systems; features high- 
resolution acquisition, processing, 
and display. 

VSIOO-AT Variable-Scan Frame 

Grabber .... $4495 

Frame grabber for the IBM AT and 
compatibles that features a 1024- by 
1024-pixel, 12-bit frame buffer; 
has li-bit digital input port, 
feedback processor, external image 
acquisition trigger, and pseudocolor 
display. 

Inquiry 1194* 

IMAgraph Corp. 

11 Elizabeth Dr. 

Chelmsford, MA 01824 
(508) 256^24 

Image 32..$8995 

1024- by 1024-pixeL 32-bit imaging 
board for the IBM AT and 
compatibles; displays 16.7 million 
colors simultaneously; uses 1-megabit 
video RAMs. 

Inquiry 1195. 

Matrox 
1055 St. Regis 

Doral, Canada QE H9P 2T4 
(514) 685-2630 

Matrox MVP.... $5495 

Acquires, processes, and displays 8- 
bit grayscale and 24-bit color video 


images; features 1024- by 1024- 
pixel vi^o memory and 512-by 512- 
pixel display capability. 

Inquiry 1196. 

Truevision, Inc. 

7351 Shadelaiid Station, 

Suite 100 

Indianapolis, IN 46256 
(317) 841-0332 

AT Vista... $2995 

Video-capture and imaging board 
for the IBM AT and compatibles; 
features the TMS 34010 graphics 
coprocessor. 

Nu Vista.....$2995 

Video-capture and imaging board 
for the Mac 11 family; features the 
TMS 34010 graphics processor. 
Targa Videographic 

Adapters... from $1595 

Line of five imaging boards for 
DOS computers; features real-time 
video capture, display, and 
genlock. Number of displayable 
colors varies from 256 gray levels 
to 16 million colors at 512 by 512 
pixels. 

Inquiry 1197, 

Visual Information Technologies 
3460 Lotus Dr. 

Plano, TX 75075 
(214) 596-5600 

VTTec Image Computer.... $39,900 
Three-board image-processing 
subsystem for Sun workstations; 
features four parallel image 
processors that supply 172 MIPS, 
four 107-MHz video processors, a 
19-inch 1280- by 1024-pixel display, 
10 megabytes of image memory, 
and imaging software under SunOS. 
Inquiry 1198, 

This resource guide is intended to 
provide a reasonable cross-section of 
available products, companies, and 
services; due to space limitations, we 
cannot list all companies and 
products. Inclusion in the resource 
guide should not be taken as a 
BYTE endorsement or 
recommendation. Ukewise, 
omission from the guide should not 
be taken negatively. The 
information here was believed to be 
accurate at the time of writing, but 
BYTE cannot be responsible for 
omissions, errors, or changes that 
occur after compilation of the guide. 
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COMPUTER DIRECT 

WE WONT BE UNDiRSOLPr 


Expires 12 / 31 / 8 E 





The ram Crisis 
I s Over! 

Now WITH AN 

AnmviAUJti R 40V aw 


Now, A Complete XT® Compatible 
Computer For Under $50011 

768k IOMHZ TURBO XT COMPUTES 


For Only 


NO HIDDEN COSTS • INCLUDES! 


$499 


95 


1899.95 


Don't Pass Up 
rho WIso Buy, 
Wise Now 
And SAVE! 


^ High Tech IBM® XT® Compatible With 
Front Ponol LED Display, Switchable Turbo 
Mode, And Security Keylock 

☆ Full 76SK RAM, Installed And Tested 
ir Parallel, Serial, And Game Ports Standard 

CGA, RGB, MGA Card Included ...... 

☆ Clock/Colendar 

☆ 150 Watt Power Supply 
^ 101 Key AT@StYle Keyboard 

☆ 360K Floppy Drive And Controller 
* 32K ROM 

it Completely Assembled, Tested, And Burned In 

☆ PLUS—Free Quality Word Processor 


TRIPLE THE VALUEili 


1 . We wont you to be the first to take advantage 

ao$ 


DOS 


of this opportunity, VIP Computer Inc. has mO' 
Computer Direct your source for the best deal 
in the country! 


Monitor Optional 


A $69^^ Value 


2, If this computer fails due to workmanship or 
quolity during the first yeor, we will replace it. 


5. NO RISK! 30 Day Homo Tfiall * / 


Throw Away Those KeysHI 


I MB 16 Mhs* 0 Wait 


ler 


Here’s What You Get... 


" 8 Or 12 Mill Switchabl« Turbo 
* 602S6 MkroproCASiof 


I MEG ExpondabEB To 4 MS 

> Conipotibla With All VidvoCordi 

■ Dual Fbppy/Hard DHvt CootrollBrj 

■ T ForolM, 2 S*fkil, 1 Gorrw Pori 

■ 101 Kty AT0Styf«K9ybo<ird 

> 1.2 MEG Floppy Drivt 
• Built-in Molh CfrprocMior Slol 
■200Wott Powsf Supply 


be 

$949 


LIST 

$1299,95 


* OpsraticHt Spaad Indkolor 

■ IBM0, OS/2, Umx CompotibI* 

* T 10/220 VAC SwJtdi 

■ SunlQC Chlp-wi Tochoology 

* EMS 4,0 Sohwara IrKludfld 


Lowest Price 286 16 MHz* Ever! 

AT® Compatible 
Includes MS-DOS 4.01 & GW BASIC 


Conwi Completely Auembled & Tettei 
Wfh All TheM Standard Feafwef 

•5)2K, Expar)dk]bleto4AW 

* 80286/12.5 Microprocessor 
RunsQt 16 MHz* 

* Switchable Turbo 8,10^ 12.5 Mhi 

• Phoenix BIOS 

• High Tech Aero-DyiKifiiic Cose 

# 101 Key Enhanced AT® Keyboor 

• Duo I Hofd/Floppy Controller 

* 2 SeriaL Parallel & Gome Ports 

* 1 .2 MEG Floppy Drive 
*MGP Cord 

« BuilMn Math Co-processor Slot 

• 5 Device Boys ■ 

3 Open< 2 Closed 


JUST ARRIVED! 


^DP 286 


NEW! State Of The Art 
Soft Touch Security Keypad. 


* 16 MHk Thrdu9Kp4Jt On 
Norton P«rformcin» Rating 


IBM XT orid AT art rtgitttrtd 
irodtinorki of Inrtrnailianal 


* 16 Mhx Throughput On 
tderlon Ptrformonct Ruling Moofter OpUonat 

® IfiM, AT, ond XJ or* Rtglittrtd Trgciernarhi oi inttmuiionul Bunineam Mo<:hjnBB.Irig, 


Monitor Opltonat 


List $1299.' 


800-BUY-W1SE EXT. 38 

800-389-9473 EXT. 38 Outside Service Area Call 312-382-5058 

FAX ORDERING! 312-382-7545 


We Love Our Customers 
COMPUTER DIRECT 
22292 N. Pepper Rd 
Barringlon, IL 60010 











































BEST SERVICE IN THE USA 


PRICE IS NOT ENOUGH 


• Experts In CuilMier Setisfactiwi 


Auistance 

Service 


Ceil Delivery 
CerrfFeee 


• ISDeyMeM* 




LOWEST PRICES EVER! 


SEAGATE 

Hard Drives & Cards 

20 MEG Half-Height Drive Kit 
Includes Controller 

List 

ST-225 


95 


$229 

40 MEG Super Fast Drive 

$378»* 



Lilt 

$799 

Model 
ST-251-1 


80 MEG Hard Drive 


95 

Model 
ST-4096 

20 MEG Hard Card 

05 $399 

Model 
ST-125 


*599 

20 MEG Hard Co 

$294 

so MEG Hard Co 

$ 334” 


Lilt 

$499 

Model 

ST-138RU 


10" ISO CPS 
Printer with NLQ 


$149 


HU» 1M-II 


tot $299.95 

Mo eiw CM w//tM^rfotor for/ m*/ 


720 CPS 6 Head Printer 



$099 

thafMtMtfrbuaryou'tt erariMed. 


5 V 4 " DSDD Disks 
As Low As *#* 

Q*y*t2s „.ir ^ _ 

Ofrdioo ■ 

wiietvH 

Ibbds 

liGiveet frfae fa fhe Counfryi 


5 %" High Density 
Disks 

As Low As... 

..-4S' soch 


QlV0(25 
0trd» 

. IT 

Oiroiioo 

W/9lMT« 

IJcWt . tf'Mch 


A5‘ 


s}- Mode in theUSSfii^ 


31 /," dSDD Disks 


As tow As... 

Lots of 10 

59‘eo_ 

sa 

Ho - Liimfimo Hfcnnronfir/ 


59‘ 


100% Hayes 
Compatible 
Modems 

1200 Baud internai 

Modem Software Included 
...o $29.95 Value! 

$AA95 

■•■e li,tt129,95 

1200 Baud Externai 

Fits in the palm of your hand 

$ AO** 

WW li,1 *938.90 

2400 Baud Internai 

Made in the USA! 
Modem Software Included 
...a$29.95Valuel 

$ ftO** 

ElW Li»t *129.95 

2400 Baud External 

Made in the USA! 


♦99 


95 


list *349.00 


Magnavox 8762 
Color RGB Monitor 



100% IBM® 
Compatiblo 

Laptop 

Computer 


$234 


Magnavox EGA 
Monitor 

r. 



Save 1^0 *On Any Product 
in Our Discount Catalog with the 
Computer Direct Credit Card 



$299 


95 

Li«f 

$599 


The B-300 is o 286lKi5#ci unit 
that gives you the power of 
an AT® at only TSfbs. With 
its built<in20 MB hard drive 
and 1200 Baud Hayes 
compatible modem, this is 
the one youVe been 
waiting fori 

$ 21 9S!? 



tOghSpeadWlnioiiipact 
K wAft SewlwAferfMjHbr 


Caff Now 800‘BUY-WISE 

to Apply for the Credit Cord and Get Your FREE Catalog 


• Introductory Offer - Apply Now! 


VISA 

MASTERCARD 

COD 


your lowesf delivered cosl. We in sure all shipments at no extra cost kt you! All 
' ■ I ■ I I- Qpg available al exlra cost. We ship to aB points in the 

Monitors only shipped in Continental US, lllinots residents 
isible Tor typo 


Prices do not include shipping chorges. Call lo ^ y^ur lowesl delivered cosl. 
pdckogies ore normally snipped UPS GnHind. 2r^ day and overniqKl delivery ai 

US, Canada, Puerto Rico, Alaska, Hawaii, Virgin Islands ond APO^FPO. Monito»* w.,.^ ,— ... .. . _ .. . _— 
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SETTING THE STANDARDS 

^ 5 / 

^^EARS^^ 

Ten Years 

OF Rows AND 

Columns 

From a 16K-byte VisiCalc to multimegabyte packages, 
spreadsheets have come a long way in a decade 

Tracy Robnett Licklider 


decade ago. Bob Frank ston and Dan Bricklin 
radically redirected personal computing when 
they shipped VisiCalc, the first personal com¬ 
puter spreadsheet program. VisiCak trans¬ 
muted the Apple IT from a hobbyist’s novelty 
into an essential tool for financial analysts. For the next 10 
years, spreadsheets evolved steadily. Many technological de¬ 
velopments occurred between the advent of VisiCalc, a pio¬ 
neering program, and today’s high-powered packages. 

Starting Small 

Frankston and Bricklin handcrafted VisiCalc in 6502 assembly 
language to run on a 32K-byte Apple II. (See the text box 
“Birthing the Visible Calculator” on page 326.) VisiCalc of¬ 
fered a small spreadsheet of only 254 rows by 63 columns, and 
its main menu was Spartan; it presented only a stark concatena¬ 
tion of its single-letter commands. On-line help, originally 
planned, had to be sacrificed to leave enough memory for 
spreadsheet data. The program offered only basic options for 
displaying cells. 

Furthermore, VisiCalc did not support natural-order recal¬ 
culation. Instead, it had two fixed recalculation patterns: 
sweeping across rows (left to right), and down columns (top to 
bottom). Both methods often produced vexing, unresolvable 
circular references. You could set the column width, but it had 
to be the same for ail columns, and text could not span col¬ 
umns. In spite of these limitations, however, VisiCalc was a 
runaway best-seller and was rapidly ported to virtually all 
major 6502- and Z80-based personal computers. 

Ironically, VisiCalc was not ported to the CP/M operating 
system until well after Sorcim seized that niche with Super- 
Calc. The first portable computer^ the Osborne/1, had Super- 
Calc bundled with it. While essentially a VisiCalc clone, 
SuperCalc added disk-based help, column widths that could be 
set individually, and text that spanned columns, 

Microsoft joined the spreadsheet fray with Multiplan, which 
provided links from spreadsheet cells to external files. It also 


had a recalculate-until-done command, which recalculated 
until no cell changed. This process offered a useful way to get 
around circular reference problems. 

Spreadsheet software desperately needed more memory for 
new features and bigger spreadsheets. The decade’s most sig¬ 
nificant technical development for spreadsheets was, therefore, 
the advent of larger-memory personal computers. The 128K- 
byte Apple III arrived in May 1980, and the 256K-byte IBM PC 
followed in August 1981. Makers of 8-bit computers engi¬ 
neered bank-switching schemes to reach beyond the intrinsic 
64K-byte limits. 

VisiCalc Advanced Version used this new memory to restore 
features dropped from the original. It let users transform 
spreadsheet results into presentable printed reports by adding 
cell formatting, page formatting, and printer setup commands. 
Indeed, spreadsheet add-on programs first emerged to satisfy 
printing demands. Sideways was one such package; it printed 
spreadsheets sideways on a printer. 

In addition, VisiCalc Advanced Version introduced key¬ 
board macros. Any sequence of keystrokes could be bound to a 
key as a macro, complete with pauses and points at which to 
prompt for and accept user input. Macros created a way to use 
spreadsheets to develop applications. They spawned a new soft¬ 
ware industry that packaged them for use on everything from 
taxes to word processing. 

All Together Now 

In 1981, the now-all-but-forgotten Context MBA tantalized 
spreadsheet users with the first integrated spreadsheet; it com¬ 
bined windows, graphing, word processing, file management, 
and a spreadsheet. Context MBA could show a spreadsheet in 
one window and a graph of selected cells in another. Unfortu¬ 
nately, its developers had implemented Context MBA in the 
UCSD Pascal p-code system. That made it incompatible with 
PC-DOS, already the dominant IBM PC operating system. 

in early 1983, Apple unveiled its Lisa personal computer 

continued 
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Birthing the Visible Calculator 



product, we talked with Dan Fylstra 
[BYTE’s first new-producis editor], 
who went to Harvard Business School at 
the same time I did. He had joined a 
firm called Personal Software, which at 
that time was the leading seller (and dis¬ 
tributor) of personal computer soft¬ 
ware. 

I wrote a prototype in BASIC, which I 
ran on Personal Software’s Apple II. 
That Apple didn’t have a mouse, but it 
did have paddles that you would turn to 
move the cursor from column to col¬ 
umn. To change it to go from horizontal 
to vertical, you hit the fire button. Run¬ 
ning in BASIC, it didn’t respond very 
well, so I changed it to use the arrow 
keys to go back and forth, and the space 
bar to switch you from horizontal and 
vertical* 


B YTE’s first ad for a product called 
VisiCalc appeared in the Septem¬ 
ber 1979 issue on page 51. The ad’s text 
compared the time and effort it took to 
plan, project, write, estimate, calcu¬ 
late, revise, erase, and recalculate fig¬ 
ures using a calculator, pencil, and 
paper, versus carrying out these steps 
by computer. 

Nowadays, we take the spreadsheet 
for granted. But lOyears ago, there was 
no way to routinely tweak numbers on a 
personal computer until they made 
sense. In 1978 and 1979, two MIT 
graduates changed all that* Dan Brick- 
lin and Bob Frankston created Visi¬ 
Calc, the first electronic blackboard. 
BYTE editor Janet Barron talked with 
Bricklin and Frankston, the two men 
who started the ‘‘what-if’ industry, 

BYTE: What kind of background did 
the two of you have befote you started 
working on VisiCalc? 

BRICKLIN: Bob and I met when I was 
an undergraduate at MIT and he was a 
graduate student. Both of us were work¬ 
ing on the Mu 1 tics project* Mu I tics was 
an operating system, a derivative of 
which later became Unix. Bob had writ¬ 
ten BASIC for a computer called the Mi¬ 
croMind, and I had worked on a variety 
of things, such as the APL interpreter 
and some interactive calculators. From 
MIT, I went to Digital for three years 
and worked in computerized typesetting 
and word processing (screen-based text 
editing). I designed and wrote software, 
some of which later became Dec Mate 
word processing on the PDF 8, a very 
small machine. 

BYl E, What was the motivation for 
your creation of VisiCalc? 

BRICKLIN: After having worked a few 
years for a small New Hampshire com¬ 
pany that made electronic cash registers 
based on microprocessors, I went to 
Harvard Business School* I had my cal¬ 
culator, ran my numbers at home at 
night, and when I made errors, day¬ 
dreamed about “word processing” 
numbers so that I could rccatculate them 
with a new assumption^say, 12 percent 
instead of 10 percent. 

My image was based on a calculator 
with a mouse and a heads-up display 
like a fighter plane so you could see the 


Photo A: The ’ gang, Dan 

Bricklin (left) and Boh Frankston 
(right). Bricklin is now president of 
Software Gardens, and Frankston is 
chief scientist at Lotus Development 
Corp. 


numbers* I realized you could do it with 
a video screen (projection TV) and a 
mouse—some kind of a personal com¬ 
puter device. There weren't many per¬ 
sonal computers in those days, but I 
knew it could be done. I decided that 
when I got out of school, I’d develop this 
electronic blackboard for numbers and 
try to sell it, 

BYTE How did you implement the 
idea? 

BRICKLIN: I told Bob about it. Though 
many of my Harvard Business School 
professors were encouraging, my fi¬ 
nance professor was very discouraging. 
But we decided to go ahead with the 
project anyway. We rented an office in 
the basement of a Cambridge building 
and used timesharing at night while Ada 
was being developed on the same system 
during the day. Bob wrote all night and 
went to bed in the morning* I was still 
going to school, and after 1 got home in 
the afternoon, I debugged, did testing, 
quality assurance, and whatever. Then 
we bought ourselves our own timeshar¬ 
ing system. 

FRANKSTON: Eventually we had to 
write our own assembler and all our 
own tools. That slowed us down con¬ 
siderably. 

BRICKLIN: Later in the cycle, when 
we began to think about marketing the 


BYTE: Where did the concept of an 
electronic spreadsheet come from? 

FRANKSTON: The spreadsheet con¬ 
cept had been around for hundreds of 
years. Companies used two to three 
rooms of blackboards or rolls of paper to 
do their production planning as rows 
and columns* 

BRICKLIN: I came up with the idea of 
using fixed rows and columns for ad¬ 
dressing, I realized you would want 
numbers in certain places—the col- 
umns-and-rows metaphor was for ad¬ 
dressing purposes—and I needed some 
way to name them. Letters for columns, 
and numbers for rows seemed to be the 
perfect way to do it* We wanted at least 
54 columns—a label, a total, a column 
for each week—and as many rows as you 
could get away with in memory* 

BYTE How did you decide on the name 
VisiCalc? 

FRANKSTON: You’ll notice thalinour 
first ad in BYTE there’s no mention of 
the word spreadsheet. When we were 
coming up with the product name, we 
specifically avoided the use of the 
name. 

BYTE: Why? Were you afraid you’d 
scare people? 

FRANKSTON: Yeah, we called it all 
sorts of things—electronic ledger, elec¬ 
tronic blackboard, visible calculator— 
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Photo B: A screen shot from an early version ofVisiCalc 
(1980) that ran on the Atari. 


in. It cost us memory. An¬ 
other thing we did, un¬ 
heard-of then, was to use 
sound. We had two different 
sounds—one for error indi¬ 
cation and another one for a 
limit—such as if you’re 
moving the cursor and that's 
as far as the cursor is al¬ 
lowed to go, it would make a 
‘'thud, thud, thud/' 

FRANKSTON: Since walls 
aren’t made of metal, a thud 
sounded right when you hit 
a wall, whereas a bell 
sounded right when you 


that's what we finally based 
the name, VisiCalc, on. 

BlfTE: How long did it take 
to write, develop, and get 
VisiCak ready for market? 

BRICKLIN: Bob and I sat 
down with Fylstra, negotiat¬ 
ed a contract (as authors and 
publisher), and started a 
company (Software Arts) to 
actually make this product. 

Bob wrote it; I took care of 
the specifications and the 
documentation. Before we 
shipped, T graduated from 
business school and went to work as 
chairman of the board of Software Arts. 

The idea hatched in the spring of 
1978; our commitment to produce a 
product with il came about in the sum¬ 
mer; the prototype occurred in the fall 
(done in BASIC); the agreement to pro¬ 
duce it was signed in the fall; the deci¬ 
sion to do the company was made during 
the winter. We actually filed incorpora¬ 
tion papers on January 2,1979 (which is 
why January 2 is Day 1 of VisiCalc's 
date functions). 

BYTE Why did you write it in machine 
language? 

FRANKSTON : Basically, I write in the 
highest-level language 1 can get away 
with. And on the Apple II, given the se¬ 
vere constraints of size and space and 
the lack of tools, there was no alterna¬ 
tive in a l6K-byie cassette (32K bytes 
included the operating system, the disk- 
file system, the screen memory, every¬ 
thing). It was a space/time trade-off. 
We needed the speed; we needed the 
code to be small, and it had to bit-twid¬ 
dle like crazy. The alternative was a 
much larger machine. I didn’t write it in 
a low-lcvcl assembly language—we had 
macros. 

BYTE; How did you decide what fea¬ 
tures to include and what to leave cut? 
By the available memory? 

FRANKSTON: We eliminated the need 
for almost all help or error messages. 
The program was meant to have con¬ 
text-sensitive interactive help and live 
graphics (we wanted the user to be able 
to split the screen and watch graphics at 


the same time), but there was no room. 
We did split the screen into two text 
windows and put in the titles. Our as¬ 
sumption was that you couldn’t burden 
the user with anything. If something 
was complicated, we fixed it. For in¬ 
stance, in the Apple II, you could acci¬ 
dentally hit the Reset key, so we had to 
let you recover from that. In our design, 
ease of use and smoothness were more 
important than ease of learning. 

BRICKLIN; We did have competition— 
our competition was people doing their 
computations on the back of an enve- 
lope. VisiCalc had to be as easy the first 
time you did something with a spread¬ 
sheet as il was the first time by hand. 
Then the second time was quick. It 
wasn't just a program we were mak¬ 
ing—we also had to create and typeset 
our own refeience card and manual. 

FRANKSTON : There was a reason why 
we did everything. We tried to reuse 
mechanisms. For example, we stored 
the spreadsheet on disk in keystroke for¬ 
mat so we could use the keyboard reader 
to read it back in. We had to justify all 
the negatives. 

BRICKLIN. That's right. For example, 
we didn’t have commas because there 
was a bug, and it wasn’t worth fixing it 
then because we had to ship. On the 
other hand, we had hoped to pul in sine 
and cosine. But because of memory 
constraints, we decided we wouldn't in¬ 
clude that feature. Unfortunately, we 
had mentioned it to Carl Helmets 
[BYTE's founder], and he had used that 
feature as an example in a product pre¬ 
view in BYTE. So we had to put them 


make a mistake. 

BRICKLIN: When we were just about 
to ship, Apple told us it had this new 
language board that could give us 16K 
bytes more memory. We put in a quick 
fix to use lOK bytes out of the total. 
VisiCalc came out October 17, 1979, at 
$99, and people paid hundreds of dol¬ 
lars for the board just for the extra lOK 
bytes of memory. 

BYTE What was the public's reaction 
to this new “thing”? Did you have to 
educate them? 

FRAN KSTON; Nobody even knew what 
VisiCalc was. 

BRIQCLIN: It wasn't just the public; 
first we had to educate the dealers. Per¬ 
sonal Software put out a demo script 
that the dealers stuck in their windows 
and let run all day. In those days, if you 
showed it to a programmer, he'd say, 
"Well, that's neat. Of course computers 
can do that—so what?'' But if you 
showed il to a person who had to do fi¬ 
nancial work with real spreadsheets, 
he’d start shaking and say, "T spent all 
week doing that." Then he'd shove his 
charge cards in your face. 

BYTE: Is it true that people really 
bought systems just to get VisiCalc? 

BRICKLIN: That's what we've been 
told. A few dealers knew what they 
were doing and got their salespeople ex¬ 
cited about it. Because of VisiCalc, one 
of the Burlington, Massachusetts, deal¬ 
ers became the most successful Apple 

continued 
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dealer in the country at that time. Two 
of its salesmen ended up as two of the 
founders of Lotus (the original team 
that brought out 1-2-3). We only sold 
about 1000 a month for the first few 
months because we had to get the word 
out to the primary consumers, who 
were financial people. [Editor’s note; A 
total of over 800,000 copies were sold by 
May of 1985, when Lotus purchased 
Software Arts and ceased marketing 
VisiCalc. \ 

It finally started selling, and we con¬ 
verted it to other machines—Radio 
Shack, the Atari, the Commodore, and, 
later, Sony and IBM. Early on, Hewlett- 
Packard licensed it and actually did the 
conversion itself. It took about a year to 
get them all converted. Tandy actually 
legitimized the name spreadsheet. 

BYTE: Where did it go from there? And 
where, when, and why did the data in¬ 
terchange formal DIF come in? 

BRICK LIN: We realized we needed to 
move data in and out—open up this 
product. There were restrictions in 
Apple DigiBASIC. We wanted to make 
[VisiCalc] easy to read and write so no¬ 
body would have an excuse for not sup¬ 
porting it* So in February 1980, Bob in¬ 
vented DIF. It wasn’t in the first version 
of VisiCalc. We wrote an article for 
BYTE explaining what DIF was. Even¬ 
tually, there were four or five major 
versions of VisiCalc. 

BYTE: But why you two? Why at that 
particular time? Why the spreadsheet? 

FRANKSTON: Ask yourself why there 
are so many word processors and so few 
spreadsheets? The answer is because 
there were a lot more roots to word pro- 
cessing, and the spreadsheet put a 
heavier demand on the machine. The 
idea to implement financial forecasting 
by merging the spreadsheet with word 


processing in a commercial way hadnT 
been done* A lot of people had played 
with different parts of what later would 
become the spreadsheet, and there were 
a lot of things in the labs. IBM bad done 
parts of it, and other people had finan¬ 
cial forecasting systems, but the idea of 
putting it together on a machine that you 
could take home and fiddle with your¬ 
self hadn’t been done. 

BRICKLIN: When programmers who 
really knew what was happening saw 
Bob’s code, they would tell us, “This is 
incredibie/’ It really pushed the ma¬ 
chine. Lotus 1-2-3 ran on a 256K-byte 
machine; VisiCalc ran on a 24K-byte 
machine, 32K bytes with disk. Each of 
them in its own world really pushed 
things and was very competitive. 

BYTE: What do you see as today’s 
problems, and what’s coming that will 
change computing? 

BRICKLIN: The things that turn me on 
are the new I/O devices—new physical 
configurations. 

FRANKSTON: The big thing is the 
Nintendo [laughter]. The reason Lm 
saying that is—look at the idea of the 
DataGlove, virtual reality. A lot of this 
stuff is done only at the very high or 
very low end—either on a $100,000 ma¬ 
chine or on a $ 100 machine. 

BRICKLIN: The high-end machines 
were highly inieractive. The midrange 
machines, such as the normal main¬ 
frames and minicomputers, weren’t 
very interactive. VisiCalc was the low- 
end machine that ran on an Apple. The 
low-end machines like the personal 
computers are highly interactive. You 
can run Space Invaders on them. 

FRANKSTON: Computers are part of 
the woodwork now. You expect them to 


be there, and that’s a tremendous 
change. We’re still in a pre-coalescent 
stage. You’ve got all of these devices—a 
copier, a fax. They have to play together 
well. And that’s what hasn’t happened 
yet. Fax is like CB. ItTl go away by 
merging with electronic messaging. Fax 
became cellular phone. T can go both 
ways from E-mail to fax and back now, 
but in the long run, most faxes will orig¬ 
inate in word processing directly from 
the computer, and they’ll look so much 
better. But now your computer is your 
database and your word processing and 
your fax machine and your telephone 
answering machine.... 

BYTE: It’ll have to become our central 
control. 

BRICKLIN: I’m thinking of things like 
a 3- by 5-foot display. Multiple people 
can watch and interact at the same time. 
Some information is better shown in a 
bigger space. Why can’t my entire desk¬ 
top be a screen? Gestures and reflexes 
are going to be big things. Innovative 
I/O,. . sound. Here’s a spreadsheet cal¬ 
culation that was all done on a Mac. [At 
this point, Bricklin turned on a synthe- 
sizjer, which "played " the sound of a 
spreadsheet calculating, the memory 
running down, and the final computa¬ 
tions. ] 

Why not sound and voice synthesis to 
give you positive feedback when you do 
something right? Why don’t we have 
animation? You could do a spreadsheet 
and see what happens to profits: When 
they go down, you could see a ball roll¬ 
ing down a hill and then il goes splat. 

FRANKSTON: But they have to have 
commercial promise. Right now, we’re 
just learning how to share the machine. 
We’re really going back to timeshar¬ 
ing—hopefully, not in a stingy way. 
And, hopefully, we’ve learned our les¬ 
sons* 


bundled with LisaCalc. The short-lived Lisa and LisaCalc en¬ 
ticed spreadsheet users with its Xerox Star-like graphical user 
interface (GUI). It provided mouse support, multiple windows, 
cut and paste, and assorted fonts—personal computer features 
that were astonishing at that time. The Lisa failed to attract de* 
velopers, and, by 1984, Apple abandoned it in favor of its Mac¬ 
intosh. Apple dropped LisaCalc and opted not to produce a 
spreadsheet for the Mac. While Context MBA and LisaCalc 
were important harbingers, neither succeeded. 

In 1983, Lotus swept into the spreadsheet market with 1-2-3. 


Like Context MBA, 1-2-3 added graphing. However, a spread¬ 
sheet and graph could not share the screen. Furthermore, 
graphs were not automatically redrawn when the underlying 
spreadsheet changed. 

Lotus 1-2-3 exploited natural-order recalculation, although 
it also supported VisiCalc’s row- and column-order modes. 
Natural-order recalculation maintained a cell dependency list 
and recalculated a cell before recalculating cells that depended 
on it. To conserve memory, 1-2-3 resorted to a sparse matrix of 
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Beyond “What-if?” 

David P. Reed 


W hen Dan Bricklin and Bob 
Franlcsion built the original Visi- 
Calc, the spreadsheet metaphor was es¬ 
sentially an electronic worksheet that 
remembered what you did and allowed 
you to make small alterations to your 
calculations to sec how they affected the 
results. But the basic spreadsheet meta¬ 
phor grew rapidly to encompass a much 
broader range of functions. The parallel 
evolutions of spreadsheets and personal 
computer hardware were tightly cou¬ 
pled. Spreadsheets are perhaps unique 
among major kinds of software in that 
they push the limits of personal com¬ 
puter technology while letting the user 
take advantage of all its aspects. 

The core of spreadsheet technology is 
instant response to user input as models 
and display presentations get more com¬ 
plex, The demand for more spreadsheet 
calculation cycles has grown faster than 
the boost in microprocessor speed. 
Over time, this demand has led to 
smarter recalculation techniques. 

In the past three years, most spread¬ 
sheets have come to provide some form 
of minimal recalc to calculate only 
those formulas that might be affected by 
the change. Recent innovations include 
background recalc, which lets you move 


around, print, and so forth while the 
spreadsheet is calculating, and restart- 
able recalc, which lets you enter new 
data before recalculation is finished. 
The next few years will bring tech¬ 
niques that get ever closer to “optimal 
recalc**—recalc before you perform it. 

To provide ever-greater responsive¬ 
ness, the newest spreadsheets are built 
around internal multitasking designs 
that allow instantaneous live display of 
data as you work, while prioritizing less 
important activities to background re¬ 
calculation, prim formatting, chart lay¬ 
out, and so forth. Beyond this improve¬ 
ment, we may see further exploitation 
of concurrency to anticipate what the 
users will ask next and to provide them 
with suggestions and other help. 

As users tackled more complex prob- 
lems, spreadsheets supplied more 
powerful analysis tools. Innovations in¬ 
cluded tools for repetitive evaluation ^ 
such as macros, and two-dimensional 
and three-dimensional table generation 
for case analysis. Other aids now in¬ 
clude high-powered techniques such as 
regression and goal seeking. In the next 
generation, we'll see linear program¬ 
ming and mathematical optimization. 

The framework of spreadsheet tech¬ 


nology is the rows-and-columns meta¬ 
phor, a powerful work organizer. As 
your other needs grow, so does your 
need to organize your work better. The 
desire for a better structure for large 
models has led to three-dimensional 
worksheets that allow the user flexibil¬ 
ity to put different parts of a calculation 
on different pages of the worksheet. 

Many users need to consolidate infor¬ 
mation from multiple worksheets. This 
led to support for multiple active files in 
memory. To link the worksheets, de¬ 
signers invented various features that 
transfer values among worksheets and 
worksheet files on disk. As file sharing 
on networks becomes possible, modular 
systems of worksheets, including live 
sharing of files on LANs among multi¬ 
ple users, becomes possible. 

Ever-larger and more-complex work¬ 
sheet structures bring about the need for 
better memory management. The LIM/ 
EMS, DOS Extender technology, and 
OS/2’s use of the 80286/80386 pro¬ 
tected mode have fed the spreadsheet 
user*s memory appetite. At the same 
time, spreadsheet programs use ever- 
more-sophisticated sparse-matrix data 
structures. In the newest spreadsheets, 
data compression techniques like Huff¬ 


cell data pointers. With this scheme, it wasted almost no mem¬ 
ory on empty cells and could represent bigger spreadsheets, up 
to 2048 rows by 256 columns. Lotus 1-2-3 added cell display 
formats, simple but useful commands that treated spreadsheet 
rows like records in a database, and the ability to name ranges 
of cells. 

After 1-2-3, an all-in-one software fad subsumed spread¬ 
sheets. Ashton-Tate launched Framework, Lotus orchestrated 
Symphony, Apple published AppleWorks, and VisiCorp dem¬ 
onstrated VisiON. Lotus also fielded Jazz, an all-in-one for the 
Mac. Lotus folded Jazz after Microsoft practically monopo¬ 
lized Mac spreadsheets with its Excel. Excel delivered the GUI, 
windows, and multiple spreadsheets and graphs on the screen 
presaged by LisaCalc and Context MBA. It also offered user- 
extensible cell display formats and allowed array references in 
expressions. Microsoft later ported Excel to the IBM PC. 

In 1983, the notebook-size Tandy TRS-80 Model 100 
sported Multiplan in ROM. Later, Hewlett-Packard put 1^2-3 
in ROM in a laptop. Low-cost shareware spreadsheets ap¬ 
peared. Most exceeded the functionality of the original Visi- 
Calc. Spreadsheets even popped up as TSR programs and Mac 
desk accessories. Borland shipped source code for a feature- 
full spreadsheet as tutorial material with its Turbo languages. 

Some companies even dissected Lotus 1-2-3 enough to weave 
their own programs into it. HAL, the first such program, 
added English-like commands and an undo command. What*s 
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Best! added goal seeking. The next releases of 1-2-3 and Sym¬ 
phony supported an official interface for such add-ins. Other 
spreadsheet makers followed suit, and a new spreadsheet add¬ 
in industry flourished. Yet, as spreadsheets grew richer, mem¬ 
ory ran short. For IBM PCs, the 640K-byte barrier was so lim¬ 
iting that Lotus, Intel, and Microsoft coauthored a standard for 
accessing expanded memory, which most spreadsheets quickly 
adopted. 

Doing 1*2-3 One Better 

By 1985, a parade of Lotus 1-2-3-compatible programs had 
begun, each with idiosyncratic enhancements. Mosaic's TWIN 
provided better graphs. Paperback Software’s VP-Planner di¬ 
rectly read dBASE files and created n-dimensional spread¬ 
sheets. Javelin Software's Javelin understood time periods and 
allowed graphical input. Borland’s Quaitro had customizable 
menus and included a menu set that perfectly mimicked 1-2-3. 
Several companies released compilers that translated spread¬ 
sheets into either stand-alone programs or C code. 

SuperCalc5 introduced three-dimensional spreadsheets, 
making previous spreadsheets into pages in a 255-page spread¬ 
sheet block. A SuperCalc5 spreadsheet could reference cells on 
other pages in memory or on disk. It could display any three 
such pages. SuperCalc5 accepted 1-2-3 files, commands, and 
macros, and the program even allowed mixing 1-2-3 com¬ 
mands with its own. Moreover, it added an undo command. 
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man codes and run-bogth codes pack 
more data into fewer bytes internally* 

Over the last few years, spreadsheet 
presentation abilities have expanded 
dramatically. High-resolution color 
graphics on printers and personal com^ 
puter display screens have driven the de¬ 
mand for more effective charting and 
printing. Live charts provide another 
way to do “what-if?” Colored cells, 
grid lines, fonts, and shading in the 
worksheet are now possible* They have 
led to a new application area—spread¬ 
sheet publishing — producing the best 
possible hard-copy output to present the 
results of spreadsheet work to others* 
As CPU power increases, spreadsheets 
could drive animated graphics for yet 
another alternative presentation mode. 

Spreadsheets are beginning to pro¬ 
vide direct access to external data. As 
personal computers are hooked up to 
shared databases, the row/column met¬ 
aphor has evolved to provide a new kind 
of viewport on relational tables* Devel¬ 
opers have invented database access 
standards that allow spreadsheets to 
deal with the diversity of types of exter¬ 
nal data sources. 

In the future, the spreadsheet's ease 
of use may make it the primary tool for 


analyzing large amounts of shared data. 
Spreadsheet responsiveness also is a 
powerful capability that can allow the 
same type of user-programmable analy¬ 
sis of live data feeds as might come from 
scientific instruments and stock tickers* 
Spreadsheets must remain iniuiiive* 
Recent innovations include new com¬ 
mand modes, such as pull-down menus, 
setting sheets/dialog boxes, and direct 
manipulation of spreadsheet layout 
using a mouse. Natural language and 
speech input may also be coming. Per¬ 
haps more important directions are sug¬ 
gested by Al-based techniques, such as 
the ‘*graph this” command, which 
guesses the best way to present a table as 
a chart. The next generation might see 
commands like “make this nicer. “ 

The basic spre adsheet metaphor is the 
epitome of “programming by exam¬ 
ple.” This concept has also been used in 
newer features, such as the database cri¬ 
terion range, the macro learn mode, and 
the newer, always-on, macro recording 
features. A key to ease of use are fea¬ 
tures that provide a “safety net." The 
first of these were warnings about de¬ 
structive commands, such as targe 
erases and automatic file backup. 'More 
recently, we have seen undo for single 


commands, undo for whole macros, and 
(in the next generation) multilevel undo 
features that will reduce the risk of user 
mistakes and misunderstandings. 

A growing area of interest is the use 
of the spreadsheet as a programming 
tool to create specialized applications. 
Macro languages continue to be en¬ 
hanced to support this area* Two new 
technologies, spreadsheet compilers 
and add-ins (and associated add-in tool¬ 
kits), create the opportunity for devel¬ 
opers to base substantial applications on 
the spreadsheet as a programming tool. 

Finally, spreadsheets have begun to 
incorporate new kinds of debugging 
aids, such as single-step mode, depen¬ 
dency analysis, and spreadsheet audit¬ 
ing tools. Ultimately, you will use AI 
techniques to ask why something sur¬ 
prising happened in your spreadsheet. 

There's still lots more to do. Personal 
computer technology will continue to 
improve, providing users with new 
domains to explore with ever-more- 
sophisticated spreadsheet tools. 


David P. Reed is vice president and chief 
scientist/spreadsheets for Lotus Devel- 
opmem Carp. (Cambridge, MA), He 
can be reached on BIX do "'editors ." 


minimal recalculation (recalculating only cells dependent on 
changed cells), LAN support, direct reading of dBASE files, a 
macro learn mode, and macro libraries that were not tied to a 
particular spreadsheet. 

Lotus*s long-awaited 1-2-3 release 3.0 matched most Super- 
Calc5 features. It added background recalculation, which re¬ 
calculates spreadsheet cell values while waiting for user input* 
It also could simultaneously display spreadsheet cells and a 
graph on the screen. Release 3.0 was the first spreadsheet that 
ran under OS/2, but it did not work under OS/2’s Presentation 
Manager. 

Macintosh spreadsheets remained friendlier and better at 
presentation-quality printed reports and graphs. MicrosofFs 
Excel 2.2 allowed 256 fonts per spreadsheet. With it, the user 
could customize menus and help. ExceTs help even listed 1-2-3 
command equivalents. In addition, it exported warm-link 
spreadsheet data and charts to Microsoft Word, added color for 
the Mac 11, and affixed notes to cells. 

Ashton-Tate’s Full Impact and Informix's WingZ staked out 
the presentation spreadsheet niche with enhancements aimed at 
presenting spreadsheet results. Both offered scripting lan¬ 
guages. Their scripts were like Apple's HyperCard scripts and 
could be attached to spreadsheet cells and buttons. They went 
well beyond traditional spreadsheet macros in flexibility and 
performance* 

Other platforms gained Lotus 1-2-3-compatible spread¬ 


sheets. Computer Associates put SuperCalcS on IBM main¬ 
frames* The Santa Cruz Operation supplied SCO Professional, 
a multiuser spreadsheet for Unix. Access Technologies au¬ 
thored 20/20 for VAX systems. Still, Mac and PS/2 spread¬ 
sheets define the state of the art. 

Down the Spreadsheet Road 

Spreadsheets have grown from humble 32K“byte beginnings to 
fd! 8-megabyte Macs and 16-megabyte PS/2s, yet their core has 
remained remarkably unchai^d. IBM PC spreadsheets will 
soon drop their old-fashioned character-based interfaces and 
adopt graphical ones from Microsoft Windows and OS/2 Pre- 
sentation Manager* Also, most spreadsheet vendors will de¬ 
velop IBM mainframe versions* Largely with Structured 
Query Language, spreadsheets will improve access to LAN- 
and mainframe-based database servers (see the text box “Be¬ 
yond What-if?” above* 

Other enhancements will include improved consolidation, 
goal seeking, compiled recalculation, and the ability to call 
spreadsheets from outside programs. In another decade, every 
user’s toolbox will supply object-oriented spreadsheet compo¬ 
nents. For that story, check out BYTE's 1999 articles* ■ 


Tracy Robnett lAcklider is vice president for personal computer 
systems atAICorp (Waltham, MA) and vice president of the Bos¬ 
ton Computer Society. You can contact him on BIX as ‘Url " 
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The Intel 

80860 

Superscalar architectures bring a new level of performance 

to microprocessors 

Neal Margulis 


Editor^s Note; Earlier this year, Intel announced its first full- 
scale RISC processor, the S0860. The 80860 operates at up to 
50 MHz and has been called a one-chip supercomputer^ (See 
**!nteTs Cray-on-a-Chip'* in the May BYTE) We asked Neal 
Margulis, InteTs chief applications engineer for high-perfor¬ 
mance processors, to provide us with this in-depth description of 
the chip. 


he 80860 microprocessor uses an advanced ar¬ 
chitecture to deliver balanced integer and float¬ 
ing-point performance. With over a million 
transistors, the 80860 contains a RISC core, an 
FPU, a memory management unit (MMU), a 
graphics unit, and separate instruction and data caches. 

The RISC core and the MMU allow the 80860 to run multi¬ 
tasking operating systems. Its floating-point capability sup¬ 
ports advanced modeling, signal and voice processing, and 
simulation and CAD applications. The processor provides the 
computation and display support for three-dimensional visual¬ 
ization. Visualization lets a system display an enormous 
amount of numeric data as computer-generated graphical 
images, from which users can easily identify patterns. 

Unlike a typical system where these capabilities are spread 
across several chips, the 80860 was designed from the ground 
up to integrate all these features. The result is a fully defined 
architecture for handling integer math, memory management, 
high-performance floating-point math, and 3-D graphics. 

The 80860 eliminates the need for support chips such as 
floating-point accelerators, vector processors, digital signal 
processor chips, and graphics coprocessors. A fully defined 
architecture that starts with the CPU eases the software devel¬ 
oper’s job and results in more powerful applications software. 

Analyzing the Architecture 

The major functional units of the 80860 microprocessor and the 
paths between them are shown in figure 1. By incorporating all 


the functional units on a single chip, the chip’s designers were 
able to optimize the communication channels between them. 
The wide internal buses balance data bandwidth with the pro¬ 
cessing speed of multiple execution units. Separate 32-word 
register sets for the RISC core and the FPUs provide further 
support for concurrent execution. 

The widespread use of pipelining throughout the chip en¬ 
hances performance. The RISC core has a four-stage pipeline 
consisting of fetch, decode, execute, and write stages. The 
floating-point adder and multiplier also incorporate pipelining 
with three stages each. In addition, a three-stage load pipeline 
is matched to the external processor bus, which supports three 
outstanding cycles. 

The RISC core fetches both integer and floating-point in¬ 
structions from the instruction cache. The CPU allows the pro¬ 
grammer to specify two execution modes: single- and dual¬ 
instruction. 

Single-instruction mode is the traditional execution mode, in 
which instructions are fetched sequentially. Pipelining allows 
the sequential instructions to overlap so that multiple instruc¬ 
tions are in various stages of completion at any one time. 

The 80860 goes a step beyond instruction overlapping with 
dual-instruction mode. This mode initiates two instructions at 
once, one for the RISC core and one for the FPU. The FPU 
achieves one floating-point result per clock cycle and has 
“dual-operation” instructions, in which an add and a multiply 
operation execute simultaneously. 

Programmers can combine the dual-instruction mode and 
the dual-operation mode to achieve three operations per clock 
cycle. With this execution model, the RISC core can execute 
load, store, and loop-control instructions during floating-point 
operations. 

The result is that peak performance can be maintained while 
executing the inner loops of common applications. The on-chip 
data cache or external memory can load data into the floating¬ 
point registers. 

continued 
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Graphics 

The floating-point hardware of the 80860 processor efficiently 
performs graphics transformations, including the rotation, 
scaling, translation, and advanced lighting calculations re¬ 
quired for 3-D graphics. Displaying 3-D images requires spe¬ 
cial operations for shading and for hidden surface removah The 
graphics unit hardware speeds these back-end rendering opera¬ 
tions (i.e,, operations that go from polygons to pixels) using the 
floating-point registers and wide data paths to operate on multi¬ 
ple pixels simultaneously. 

The graphics instructions include intensity interpolation, z 
interpolation, and z-buffer check. Intensity interpolation 
allows for smooth linear changes in pixel intensity or color. 
The z instructions let the programmer determine which objects 
should be displayed based on their proximity to the viewer. The 
RISC core also performs a pixel store instruction in parallel 
with the graphics operations. 

Virtual Memory 

The 80860 microprocessor supports an address space of 4 giga¬ 
bytes. The MMU includes a four-way set-associative 64-entry 
translation look-aside buffer. The TLB translations are per¬ 


formed in one clock cycle and in parallel with the cache 
accesses. 

The MMU implements paged virtual memory management 
and protection. The Intel 80386 and 80486 microprocessors 
have the same two-level paging scheme. This commonality 
allows these processors to interact more easily in a common op¬ 
erating environment, and it facilitates the porting of virtual 
memory software written in C. 

RISC Instruction Set 

In the 80860*s instruction set, all instructions are 32 bits long 
and use the three-operand, load/store style typical of RISC pro¬ 
cessors (see table 1). The three-operand format allows arith¬ 
metic, logical, and shift instructions to specify two source reg¬ 
isters and a destination register. The only operations that 
operate on memory are load and store, with arithmetic per¬ 
formed on the registers. 

The core unit can execute instructions in one clock cycle. 
Several techniques allow instructions to execute in one cycle, 
although their completion may require additional cycles. Loads 
from memory take one execution cycle, and the next instruction 

continued 


FUNCTIONAL UNITS AND DATA PATHS OF THE 80860 MICROPROCESSOR 



Figure 1: Wide data buses inside the chip and an external 64-bit bus supply the necessary bandwidth to support multiple 
operations per clock cycle. Four floating-point registers can be loaded in one clock cycle with the 12S-bit path from the data 
cache. 
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Table 1: The 80860processor's Instruction set has a full set of integer and floating-point instructions ^ each of which is 32 
bits wide. The RISC core performs all the processor *s loads and stores. 

THE 80860 MICROPROCESSOR S INSTRUCTION SET 

Core unit FPU 

Mnemonic Description Mnemonic Description 

Load and store instructions 

Floating-point multiplier instructions 

id,x 

Load integer 

fmul.p 

FP multiply 

stx 

Store integer 

pfmuLp 

Pipelined FP multiply 

fid.y 

FP load 

pfmulS.dd 

Three stage pipelined FP multiply 

pfld.2 

Pipelined FP load 

fmlow.p 

FP multiply low 

fst.y 

FP store 

frep.p 

FP reciprocal 

pst.d 

Pixel store 

frsqr.p 

FP reciprocal square root 

Register-to-register moves 

Floating-point adder Instructions 

ixfr 

Transfer integer to FP register 

fadd,p 

FP add 

fxff 

Transfer FP to integer register 

pfadd.p 

Pipelined FP add 



fsub.p 

FP subtract 

integer arithmetic instructions 

pfsub.p 

Pipelined FP subtract 

ddu 

Add unsigned 

pJgt.p 

Pipelined FP greater than compare 

adds 

Add signed 

pfeq.p 

Pipelined FP equal compare 

subu 

Subtract unsigned 

nx.p 

FP-to-integer conversion 

subs 

Subtract signed 

pfie.p 

Pipelined FP less than or equal to 



famou.p 

FP adder move 

Shift instructions 


pfamou.p 

Pipelined FP adder move 

sh! 

Shift left 

pfix.p 

Pipelined FP-to-integer converaon 


Shift right 

ftrunc.p 

FP-to-integer truncation 

shra 

Shift right arithmetic 

pftrunc.p 

Pipelined FP-to-integer truncation 

shrd 

Shift right double 





Dual-operation instructions 

Logicai instructions 


fam.p 

Pipelined FP add and multiply 

and 

Logical AND 

pfsm.p 

Pipelined FP subtract and multiply 

andh 

Logical AND high 

pfmam 

Pipelined FP multiply with add 

and not 

Logical AND NOT 

pfmsm 

Pipelined FP multiply with subtract 

and noth 

Logical AND NOT high 



or 

Logical OR 

Long-integer instructions 

Ofh 

Logical OR high 

fisub.z 

Long-integer subtract 

j<or 

Logical exclusive OR 

pfisub.z 

Pipelined long-integer subtract 

xorh 

Logical exclusive OR high 

fiadd.z 

Long-integer add 



pfiadd.z 

Pipelined long-integer add 

Control-transfer instructions 



trap 

Software trap 

Graphics instructions 


intovr 

Software trap on integer overflow 

fzchks 

16-bit z-buffer check 

br 

Branch direct 

pfzchks 

Pipelined 16*bitZ'buffercheck 

bn 

Branch indirect 

fzchki 

32-bitz-buffer check 

be 

Branch on CC 

pfzchki 

Pipelined 32-bit z-buffer check 

bc.t 

Branch on CC taken 

faddp 

Add with pixel merge 

bnc 

Brarrch on notCC 

pfaddp 

Pipelined add with pixel merge 

bnc.t 

Branch on not CC taken 

faddz 

Add with z merge 

bte 

Branch if equal 

pfaddz 

Pipelined add with z merge 

btne 

Branch if not equal 

form 

OR with merge register 

bJa 

Branch on LCC and add 

pform 

Pipelined OR with merge register 

cail 

Subroutine call 



calii 

indirect subroutine call 





Assembler pseudo-operatic ns 

System-control instructions 



flush 

Cache flush 

Mnemonic 

Description 

Id.c 

Load from control register 

mov 

Integer register-register move 

si.c 

Store to control register 

fmov.q 

FP register-register move 

lock 

Begin interlocked sequence 

pfrnov.q 

Pipelined FP register-register move 

uniock 

End interlocked sequence 

nop 

Core no-operation 



fnop 

FP no-operation 



pfie.p 

Pipelined FP less than or equal to 
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can begm on the following cycle. 

The processor uses a technique called scoreboarding to 
guarantee proper operation of the code at the highest possible 
performance. The scoreboard keeps a history of which regis¬ 
ters have pending loads. The actual loading of the data takes 
one clock cycle if the data is in the cache, or several cycles if 
it's still in memory. 

With traditional microprocessors, the next instruction can¬ 
not start executing until the data is returned. Scoreboarding 
allows execution to continue unless a subsequent instruction at¬ 
tempts to use the register being loaded. In this case, the proces¬ 
sor will wail for the data to be returned. Optimizing compilers 
for the 80860 microprocessor organize the code so that such 
freeze conditions rarely occur. 

The 80860*s instruction set includes several control flow op¬ 
timizations. Programmers can code conditional branch in¬ 
structions with or without a delay slot. A delay slot allows the 
processor to execute the instruction after a branch while it is 
fetching the branch target. With both delayed and nondelayed 
variations, the compiler can easily optimize the code according 
to whether or not the branch is likely to be taken. 

Branches can be performed conditionally based on the condi¬ 
tion-code bit (e.g., be, bne, be.t, and bne.t) or through a com¬ 
parison of two registers (bte and btne). There is also a branch- 
loop-and-add instruction, bla, that performs a test, a branch, 
and an add, alt in a single instruction. This instruction reduces 
program loop overhead. 

Floating-Point Instructions 

The floating-point hardware can op}erate on either single- or 
double-precision IEEE standard 754 floating-point values and 
on 32- and 64-bit integers. The FPU includes pipelined add and 
multiply units, which can operate in either scalar or pipelined 
mode. Source operands for each unit are supplied by the gen¬ 
eral-purpose floating-point registers, by the special registers 
(e.g., KR, KI, and T), or by the output of the unit itself. 

Scalar-mode instructions specify the operation, the source 
registers, and the destination register. Once issued, these in¬ 
structions advance through the unit on each clock cycle until 
they are completed. Although only one scalar-mode floating¬ 
point operation can proceed at a time, it can be overlapped with 
the execution of RISC core instructions. Scalar-mode execu¬ 
tion requires three clock cycles for adds and single-precision 
multiplies, and four cycles for double-precision multiplies. 

Pipelined floating-point instructions advance the three-stage 
add and/or multiply unit by one stage with each new instruc¬ 
tion. This explicit control allows a pipelined floating-point in¬ 
struction to execute and produce a result with every cycle. Like 
the scalar-mode instructions, pipelined instructions specify 
the source registers and the destination register. However, the 
destination register of pipelined floating-point instructions is 
the result of a calculation that begins with a prior instruction. 

In the example in figure 2, the adder begins by adding the 
numbers in f2 and f7. Because this is the first instruction of the 
series and the pipeline is not yet full, the result emerging from 
the adder is not needed and is sent to fO, which is always 0 and 
is used as a null destination. On each successive clock cycle, an 
add instruction is issued to advance the pipeline. When the sum 
of the first add becomes available at the result stage, it is stored 
to the destination specified by that instruction. 

In this example, three cycles after the f2 plus f7 operation 
starts, the result is stored to fl2 by the instruction that is initiat¬ 
ing the addition of f5 and flO. Once all the desired add instruc¬ 
tions have started, three dnmmy adds are used at the end to 
flush the desired results through the pipeline. When a long 


series of numbers is added, the overhead of filling and flushing 
the pipeline is negligible. When only one or two adds are per¬ 
formed, using scalar mode minimizes pipeline overhead. 

Parallelisin 

Dual-operation instructions allow software to perform add and 
multiply instructions at the same lime. One 32-bit instruction 
initiates both an add and a multiply operation. Although the 
two operations require six operands (four source operands and 
two destination operands), the instruction format specifies 
only three. The use of special registers KR, Kl, and T, along 
with data-path bypassing, provides the additional operands. 

The 32 variations of dual-operation instructions specify the 
source and destination operands for the adder and multiplier. 
With these instructions, programmers can efficiently imple¬ 
ment applications such as fast Fourier transforms (FFTs), 
graphics transforms, and matrix operations. 

The following example shows the acceleration that the use of 
pipelined operations makes possible. A series of 100 numbers 
is multiplied by a constant, added to a second series of 100 
numbers, and stored: 

DO 10, 1=1, 10010X[1]= A[i] *C + B[i] 

If the add and multiply are executed in scalar mode, a result is 
produced every six clock cycles. For example, 

fmulC, A[l]j temp fadd temp, B[i], X[l] 

First the multiply is performed and the result stored in a tempo¬ 
rary register. Then the add is performed with the temporary 
register, and the result is stored. Each multiply and add take 
three clock cycles, and the six-cycle sequence is repeated 100 
times for a total of 600 cycles of floating-point execution time. 
With pipelined, dual-ope rat ion instructions, the add and 

continued 


FLOATING-POINT PIPELINES 


f2 

2 ' 

f7 

7 

f12 


13 

3 

18 
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f13 


f4 

4 

f9 

9 

f14 


f5 

5 

no 

10 

f15 


16 

6 

ftl 

11 

f16 



X y Z 


Instruction sequence 

pfadd.ss 

I<2f7.|f0 

pfadd.ss 

f3. fa.to 

pfadd.ss 

f4,f9,f0,, 

pfadd.ss 

fS, fio, f 12 

ptadd.ss 

f6,f11.f13 

pfadd.ss 

f0,f0,f14 


Add pipeline 



Destination 
None 
None 
None 
—9. 
f13 -11. 

f14 -13^ 


Figure 2; The adder unit has a three-stage pipeline. Each 
instruction can start an add operation and store the result 
from a previous add. Every clock cycle produces a new result. 
Here the adder Implements z *- x + y. 
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multiply are performed in parallel and a new result is produced 
during each clock cycle. For example, 

r2plB[i-3], A[l], X[i-6] 

This illustrates the pfam dual-operation instruction variation 
specified as r2pl srcl, src2^ rdest. The instruction speci¬ 
fies that the multiply is initiated with the constant register KR 
and srG2 as the operands, that the add is initiated with the re¬ 
sult from the multiply and srcl as the operands, and that the 
result from an earlier add is stored to rdest. 

Because the three stages of the add and multiply pipelines are 
chained in series, the result comes from the operation that 
began six clock cycles previously. By overlapping the multiply 
and add, the loop of 600 cycles in scalar mode is reduced to 100 
cycles of floating-point execution time* 

The FPU's ability to produce new results every clock cycle 
gives it a tremendous appetite for data. To provide this data, the 
RISC core can operate in parallel with the FPU to move data in 
and out of the floating-point registers and to provide program 
flow control. The processor enters dual-instruction mode if you 
specify a d* prefix in the floating-point instruction mnemonic* 
Once in dual-instruction mode, the instruction sequence 
consists of 64-bit aligned instruction pairs. The upper half con¬ 
tains the integer instruction, and the lower half contains the 
floating-point instruction. In dual-instruction mode, the 64- 
bit-wide instruction cache allows the execution of a pair of in¬ 
structions every cycle* The modes can be changed with no over¬ 
head for any number of instructions* 

By taking advantage of the 128-bit data-cache path, the RISC 
core can load up to four floating-point registers per cycle with 


the fid instruction* Also, a special load instruction called pfld 
loads the floating-point registers from external memory with¬ 
out the data being placed into the cache. This unique instruc¬ 
tion allows data that will be referenced only once to be loaded 
from external memory, while data that is being continually ref¬ 
erenced can be kept in the on-board cache. 

Like the floating-point execution units, the pfld uses a 
three-stage load pipeline. This instruction specifies a load ad¬ 
dress and a destination register. Each pfld advances the load 
pipeline one stage and stores the result from the load address 
that began three instructions previously* Auto-increment ad¬ 
dressing avoids using a separate add instruction by automati¬ 
cally incrementing the base register before each load. 

Performance Evaluation 

One common measure of integer performance is millions of in¬ 
structions per second. At 40 MHz, the 80860 processor deliv¬ 
ers 33 VAX MIPS (based on the Stanford integer benchmark 
suite) and performs 85,000 Dhrystones on version 1,1 and 
80,000 on version 2*1* These results illustrate the RISC core's 
optimized instruction set and its ability to execute most instruc¬ 
tions in one clock cycle* Combined with efficient memory man¬ 
agement, the 80860 processor performs well in large applica¬ 
tions that use virtual memory. 

The Whetstone is a common benchmark used to gauge scalar 
floating-point performance* The 80860 processor achieves 24 
million Whetstones at 40 MHz* The peak million-floating- 
point-operations-per-second ratings for the 80860 are 80 
MFLOPS single-precision and 60 MFLOPS double-precision. 

Although peak performance numbers are often misleading, 

continued 


SOFTWARE TOOLS FOR THE INTEL 80860 MICROPROCESSOR 



Figure 3: Scientific FORTRAN applicatiom take advantage of the vectorizing precompiler that automaiically calls the vector 
library, Cprograms also can call the libraries. 
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If you need to carry information 
but like to travel light. 

the Mitsubishi Plastics “BEE CARD" is for you. 
it's an 1C MEMORY CARD 
offering convenience, versatility and economy 
that make slow-access cassette tapes 
and floppy disks obsolete. 


Features 

• Convenient. Credit card size. 

•Durable and economical. 

• High-volume memory. From 10 times magnetic card 
memory to near fioppy disk capacity. 

• Wide range of applications. 

Can use it aimost anywhere. 


Applications 

Commercial 

• Personal computers (video games, educational and business softwarel. 
•Digital sound sources for electronic musical instruments. 

• Printer and typewriter font storage. 

•Electronic equipment maintenance records. 

Industrial 

• FA (data logging, machinery process control, industrial robot programs) 
•SAI off-line systems). 

Other 

• Medical chart creation and updating. 

•Electronic ID cards. 


IBM Compatibility BC Reader/Writer for IBM PC AT/XT 

• Designed to implement the ID Memory Card 
technology available to your IBM PC AT XT. 

• Fast-access. Reads and writes all memory types 
(MASK. OTP. EEP. SRAM). 
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It you're looking ior some good 
reading, you've just found it. The 
free Consumer Information 
Catalog, 

The Catalog lists about 200 federal 
publications, many of them free. 
They can help you eat right, 
manage your money, stay 
healthy, plan your child's 
education, learn about federal 
benefits and more. 
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Catalog. And get reading worth 
writing for. 



Consumer Information Center 
Department RW 
Pueblo, Colorado 81009 
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the Consumer Information Center of the U.S, General Services Administration, 
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dyal-instniction mode and dual-ope rat ion mode allow the 
microprocessor to achieve peak performance for inner loops of 
common matrix operations. Tn the LINPACK benchmark, the 
80860 attains over 10 MFLOPS, The inner loop of a complex 
FFT requires 10 floating-point operations. The 80860 per¬ 
forms the 10 operations in six clock cycles, calculating a 1624- 
point FFT in 1 millisecond. 

Tools of the Trade 

Inters internal development teams and independent vendors 
are providing a full complement of software development tools 
and operating systems for the 80860. Figure 3 shows the devel¬ 
opment tools’ environment, including C and FORTRAN com¬ 
pilers, an asserabler/1 inker, a simulator/debugger, and a FOR¬ 
TRAN vectorizer. In addition, there are the mathematical, 
vector primitive, and 3-D graphics libraries. 

The initial development environments use cross compilers 
hosted on Unix System V/386 and OS/2, The optimizations 
used in the compilers include coloring for register allocation, 
register-based parameter passing for calls, interblock common 
subexpression and loop invariant elimination, constant propa¬ 
gation, strength reduction, extensive peephole optimizations, 
and instruction scheduling. 

Programmers write much of their engineering and scientif ic 
applications in FORTRAN because it is so well suited for vec- 
torization. The 80860 support includes a FORTRAN vectoriz¬ 
ing precompiler. Vectorization is performed on DO and IF 
loops, outer loops, and forward-branching conditional opera¬ 
tions. The precompiler recognizes these structures and gener¬ 
ates calls to a set of highly optimized, hand-coded procedures. 
These procedures take full advantage of dual-instruction and 
dual-operation modes, managing the data cache as a vector 
register. 

In addition, programmers can access these procedures from 
other high-level languages. Work is under way to further in¬ 
crease the degree of parallelism of the processor. A library of 
assembly language routines for scalar mathematics is also 
available. 

A multiprocessing version of Unix System V 4.0 is under de¬ 
velopment for the 80860. The project is a joint effort by AT&T, 
Unisys, Intel, Olivetti, Prime, Okidata, and others. The Intel 
programming tools will maintain high-level-language source 
code compatibility between the 80386, 80486, and 80860 
microprocessors. A document is available that specifies an ap¬ 
plication's binary interface standard for the 80860 to allow por¬ 
tability of applications software across systems from different 
companies. 

A Supercomputer on Your Desk? 

The 80860 delivers balanced integer and floating-point perfor¬ 
mance that only a mil lion-transistor processor can provide. 
Software developed for the 80860 can take full advantage of the 
architecture, bringing the power of supercomputers into the 
hands of desktop computer users. 

But in addition to providing a new level of performance, the 
80860 is the first of a new class of microprocessors. By break¬ 
ing the one-operation-per-clock-cycle barrier, it has become 
the first commercial superscalar microprocessor. The advent 
of superscalar architectures will allow microprocessor perfor¬ 
mance to work alongside advances in semiconductor technol¬ 
ogy to bring even greater capabilities to desktop computers. ■ 


Neal Margulis is chief applicaiions engineer for high-perfor¬ 
mance processors at Intel Corp. in Santa Clara, Caiifornia, He 
can be reached on BIX c/o **editors ." 
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PC BRAND 286/12 $799 



for Quality Systems 
Toll-Free Support 
Toll-Free Service 
Free Freight 
5-Year Warranty 


PCV20 AD-II $539 



12 MHz Clock, Zero Wait Operation, 
Norton SI 15.3 'Landmark™ Speed 15.1MHz 
512K, 1.2MB or 1.44MB Drive, 101-Keyboard 


Standard System Featnresr 

• 80286-12 Processor Operating at 12MHz with Zero Wait States 

delivering 15.1 MHk Effective Throughput 

• S12K RAM expandable to 4MB on the System board using 

256Kor 1MB 100ns RAM 

• 1,2MB 5,25" or 1,44MB 3,5" Diskette Drive 

• 1:1 Interleaving Dual Hard Drive/Floppy Drive Controller 

• Enhanced 101-key AT Style Keyboard 

• High Capacity System Power supply 

• Real Time Qock/Calendar with 5 Year Battery 

• 80287 Co-Processor Support 


15 MHz Throughput in an XT. Norton SI 4.0 

512K^ 360K DrivCj. 84-Keyboard 

Standard System Features: 

* lOMHz Nec V20 CPU with T5 times the power of the 8088! 

* 512K RAM standard. Expandable to 640KB 

* One 360K Floppy Drive • 84-key AT Style Keyboard 

* 8 Slots. Serial, Parallel, Game Ports, and Clock Standard 

* AT Style Case with Keylock, Turbo, Power and Hard Drive LEDs, 

Accomodates up to 4 HH Mass Storage devices 

* Set-up & Operating instructions. 


• AMI BIOS with full MS/DOS, OS/2, XENIX, UNIX. 

NOVELL, 3COM and PCNET compatibility 

• Built-in System Board LIM 4.0 EMS hardware drivers 

• User configurable I/O timing permitting compatible operation 

with older peripherals or faster I/O for newer devices 

• 8 Slot motherboard design C5 !6Bit ^ 3 8Bit) 

• Medium foot print case with 5 Disk Drive bays 

Options: 

• Factory installed RAM Upgrades 

• Custom configurations w/Name Brand peripherals of your choice 

• Compaq® Style LCD or Plasma Portable 

• Mini Size Tower Casd®^ 


Standard Pre-Built Configurations: 


PCV20 AD.ll With 512K, Hard Disk Drive, Monitor & Video Card 


1 Floppy 

2 Floppy 

40M&45MS 

66MB-25MS 

Mono 

$664 

$739 

$944 

$1094 

VGA/Mono 

$824 

$899 

$1104 

$1254 

EGA 

$1004 

$1079 

$1284 

$1434 

VGA/Color 

SI 054 

$1129 

$1334 

$1484 


Standard Pre-Built Configtirations: 


286/12 With 512K, Flard Disk Drive, Monitor k Video Card 

VidEO 

1:1 RLL 

66MB^ZSMS 

1:1 RLL 

LI MFM 

nClMB-JSMS 
la RLL 

Mono 

$1207 

$1432 

$1572 

$1672 

VGA/Mono 

$1402 

$1627 

$1767 

$1867 

EGA 

$1547 

$1772 

$1912 

$2012 

VGA/16Bit 

$1637 

$1862 

$2002 

$2102 
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Unbelievable Price 


PC BRAND 286/20 $999 



20 MHz Clock, Zero Wait Operation 
Norton SI 23.0 ‘Landmark'” 2k7MHz 
512K, 1.2MB or 1.44MB Drive, 101-Keyboard 


Standard System Features: 

• 802S6 Processor Operating at 20MHz w/Zeno Wait States in 

interleave mode delivering 27MHz Effective Throughput 

• 512K RAM expandable to BMB on the System board using 256K 

and/or IMBKlOns RAM 

• 1.2MB 5.25’ or 1.44MB 3.S” Diskette Drive 

• 1:1 Interleaving Dual Hard Drive/Floppy Drive controller 

• Enhanced 101-key AT Style Keyboard 

• High Capacity 200 Watt System Power Supply 

• Real Time Clock/Calendar with 5 Year Battery 

• 80287 Co-Processor Support 

• AMI BIOS with full MS/DOS, OS/2, XENIX, UNIX, 

NOVELL, 3COM, and PCNET compatibility 

• Built-in System Board LJM 4.0 EMS hardware drivers 

• User configurable I/O timing permitting compatible operation 

with older peripherals or faster I/O for newer devices 

• 8 Slot motherboard design ( 5 16Bit & 3 SBit) 

• Medium foot print case with 5 Disk Drive bays 
Optionsi 

• Mini Size Tower ® Case • Factory Installed RAM Upgrades 

• Custom configurations w/Name Brand peripherals of your choice 

• Compaq® Style LCD or Plasma Portable 


Standard Pre-Built Configurations: 


286/20 W/512K, Hard Disk Drive, Monitor & Video Card 

^‘'-v.,Drivc» 

Vid«)\^ 

4nMS-4BMS 
1:1 RLE 

6eMB*25MS 
1:1 RLE 

71MB-18MS 
LI MFM 

tlDM0-Z5M5 
1:1 RLL 

150-T7MS 

1:1 ESDI 

1:1 ESDI 

Mono 

$1407 

$1632 

$1737 

$1862 

$2357 

$2817 

VGA/Mono 

$1602 

$1827 

$1932 

$2057 

$2552 

$3012 

EGA 

$1747 

$1972 

$2077 

$2202 

$2697 

$3157 

VGA/l6Btt 

$1837 

$2062 

$2167 

$2292 

$2787 

$3247 


PC BRAND 386/SX-16 $1099 



16 MHz Clock, Zero Wait Operation 
Norton Sll 8.7 • Land mark™ 1 8.3mhz 
512K, 1.2MB or 1.44MB Drive, 101-Keyboard 

Standard System Features: 

• 8t)3&6SX lY-ocessor Operating at 16MHz delivering 18MHz 

Effective Throughput 

• S12K RAM expandable to 8MB on the System board using 25&K 

and/or 1MB80ns RAM 
^ L2MB 52.5' or 1.44MB 3.5'' Diskette Drive 
- 1:1 interleaving Dual Hard Drivc/Floppy Drive controller 

• Enhanced 101-key AT Style Keyboard 

• High Capacity 2(K1 Watt System Power Supply 

• Real Time Clock/Calendar with 5 Year Battery 

• 8n387SX Co-Processor Support 

• AMI BIOS with full MS/DOS, OS/2, XENIX, UNIX, 

NOVELL, 3COM, and PCNET compatibility 

• B Slot motherboard design ( S 16Bit & 3 SBit) 

• Medium foot print case with 5 Disk Drive bays 

[Shown with optional Mini Size Tower® Case) 

Options: 

• Mini Size Tower ® Case • Factory Installed RAM Upgrades 

• Custom configurations w/Name Brand peripherals of your choice 

• Compaq® Style LCD or Plasma Portable 


Standard Fre-Built Configurations: 


386SX-16 W/512K, Hard Disk Drive, Monitor & Video Card 

Vid«> \ 

40MB-45MS 

1:1 RLL 

bbJVlIHWS 

1:1 RLL 

1:1 MFM 

tlDMa-2BMS 
Id RLL 

ISD-ITMS 
1:1 ESDI 

3za-l6MS 

1:1 ESDI 

Mono 

$1507 

$1732 

$1837 

$1962 

$2457 

$2917 

VGA/Mone 

$1702 

$1927 

$2032 

$2157 

$2652 

$3112 

EGA 

$1847 

$2072 

$2177 

$2302 

$2797 

$3257 

VGA/l&Bii 

$1937 

$2162 

$2267 

$2392 

$2887 

$3347 


TURN PAGE FOR MORE PC BRAND SYSTEMS... 

FOR NAME BRAND PERIPHERALS SEE OUR AD ON FOLLOWING PAGES... 


To Order Call 1-800-PC BRAND 


(Call 1-800-722-7263) In All 50 States FAX# 1-800-722-7392 New Winter Extended Hours bs 
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Amazing Performance 

"Faster Than a Speeding Bullet!" 

Cover Story Nov^ 1S8S 

"PC Brand offers the best low cost alternative around" 

PC Magazine Feb.u,i989 


PC BRAND 386/20 $1489 



20 MHz Clock, Zero Wait Operation 
Norton SI 23.0 • Landmark Speed 26.1MHz 
1024K, 1.2MB or 1.44MB Drive, 101-Keyboard 
Standard System Features: 

• True 20MHZ Intel 80386-20 CPU Operating with Zero Wait States 

delivering up to 26.1MHz Effective Throughput 

• 1024K RAM standard expandable to 16MB using 256K and/or 

IMB RAM 

• 1.2MB 5.2S” or 1.44M0 35” Diskette Drive 

• 1:1 Interleaving Dual Hard Drive/Floppy Drive controller, 

977.6 KB/SEC Caching Controller w/ESDl Configurations 

• Enhanced 101-key AT Style Keyboard 

• High Capacity 200 W att System Power Supply 

• Real Time Clock/Calendar with 5 Year Battery 

• S0287, 803S7 Co-Processor Support 

• AMI BIOS with full MS/DOS, OS/2, XENIX, UNIX, 

NOVELL, 3COM and PCNET compatibility 

• 8 Slot motherboard design {5 16Bit & 3 88it) 

• Mediuni foot print case with 5 Disk Drive bays 
Options: 

• Full or Mini Size Tower ® Case 

• Custom configurations w/Name Brand peripherals of your choice 

• Compaq® Style LCD or Plasma Portable • Weitek Co-processor 


Standard Pre-Built Configurations; 


386/20 With 1024K, Hard Disk Ehive^ Monitor & Video Card 


4DMP-4SMS 
1:1 MFM 

A&MS-ZSMS 

TlMa-lSMS 
1-1 MFM 

11CLZ5MS 
1:1 RLL 

ISO-ITMS 
1:1 ESDI 

mifeMS 

lilESDI 

Mono 

$1995 

$2095 

$2220 

$2330 

$2860 

$3305 

VGA/Mono 

$2170 

$2270 

$2395 

$2505 

$3035 

$3480 

EGA 

$2280 

$2380 

$2505 

$2615 

$3145 

$3590 

VCA/16Bii 

$2370 

$2470 

$2595 

$2705 

$3235 

$3680 


PC BRAND 386/25 $1689 



25 MHz Clock, Zero Wait Operation 
Norton SI 28.2 .LandmarkSpeed33.6MHz 
Norton SI 31.6 • Landmark Speed 435 w/Cache 
1024K, 1,2MB or 1,44MB Drive, 101-Keyboard 
Standard System Features: 

• Intel 80386 Processor Operating at 25MHz with 2^0 Wait States in 

interleave mode delivering 34 to 44 MHz Effective lliroughput 

• ICI24K RAM standard expandable to 16MB using 256K and/or 

1MB RAM 

• 1.2MB 5.25 ' or 1.44MB 3.5' Diskette Drive 

• 1:1 Interleaving Dual Hard Drive/Floppy Drive controller, 

977.6 KB/SEC Caching Controller w/ESDI Configurations 

• Enhanced lOTkey AT Style Keyboard 

• High Capacity 200 Watt System Power Supply 

• Real Time Clock/Calendar with 5 Year Battery 

• 80287,80387 or Weitek Co-Processor Support 

• Industry Standard BIOS with full MS/DOS, OS/2, XENIX, UNIX, 

NOVELL, 3COM and PCNET compatibility 

• User configurable I/O timing permitting compatible operation 

with older peripherals or faster I/O for newer devices 

• 8 Slot motherboard design (5 16Bit & 3 8Bit) 

• Medium foot print case with 5 Ehsk Drive bays (Full size case w/cachel 

Options: 

• 32KB or 64KB Cache Processor ■ Weitek Co-proccssor • Tower® Case 

• Custom configurations w/Name Brand peripherals of your choice 

• Compaq® Style LCD or Plasma Portable 


Standard Pre-Built ConfiguraHons; 


386/25 With Hard Disk Drive, Monitor & Video Card 


40MB-45MS 

VlMTM 

6aMB-3SMS 
1:1 RLL 

71MB-iaMS 
1:1 MFM 

11 nME-2SMS 
LtRLL 

ISO-ITMS 

LlESDl 

3afl-16MS 

Mono 

$2182 

$2332 

$2462 

$2592 

$3162 

$3412 

VGA/Mono 

$2387 

$2537 

$2667 

$2797 

$3367 

$3617 

EGA 

$2502 

$2652 

$2782 

$2912 

$3482 

$3732 

VGA/16Bit 

$2577 

$2727 

$2857 

$2987 

$3557 

$3807 


CRT display is courtesy of RIX Softworksjnc. Irvine, CA- 
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Exceptional Support 


386/33 CACHE $2799 





Worlds Fastest 
Personal Computer! 



mra 


33 MPiz Clock, Zero Wait Operation 
Norton SI 45S* l^drnark58.7MHz w/32K or 64K Cache 
1024K, L2MB or 1.44MB Drive, 101-Keyboard 
Standard System Features: 

•True 33 MHz INTEL B03S6-33 CPU operating with Zero Wait States 
E^elivering up to 5S.7 MHz Effective Throughput 

* Intel 82385-33 Cache Processor with 32K 25NS Static RAM Standard, 

Field Upgradable to 64K 

* 1024K RAM Standard Expandable to 16MB 

* IZMfl 5.25" or 1.44MB 3.5" Ehskette Drive 

• hi Interleaving Dual Hard Drive/Floppy Drive Controller, 

977.6 KB/SEC Caching Controller w/ESDI Configurations 

• Enhanced 101-key AT Style Keyboard 

* High Capacity 200 Watt System Power Supply 

* Real Time Clock/Calendar with 5 Year Battery 

• 80387 or Weitek Co-Processor support 

• Phoenix BIOS With Full MS/DOS, 03/2, XENIX, UNIX, NOVELL, 
3COM and PCNET compatibility 

* 8 Slot motherboard design 

• Full size case with 5 Disk Drive bays 

(Shown with Optional Full Size Tower <B Case) 

Options; 

■ Custom configurations w/Name Brand peripherals of your choice 

• Weitek Co-Processor • Tower® Case • Factory Ram Upgrades 


Standard Pre-Buill Configurations: 


386/33 With Hard Disk Drive, Monitor & Video Card 


40MB4.5M5 

laiuFM 

66MB-25MS 

ui m. 

71MBrt8MS 

1:1 MFM 

llOMB-ZSIMS 

VIRLU 

150MB-17MS 

TiEsnr 

320MB-iaiB 

TlI ESDI 

Mono 

$3259 

$3454 

$3554 

$3679 

$4124 

$4634 

MSA/Mono 

$3454 

$3649 

$3749 

$3874 

$4319 

$4829 

EGA 

$3599 

$3794 

$3894 

$4019 

$4464 

$4974 

VGA/160H 

$3689 

$3884 

$3984 

$4109 

$4554 

$5064 


+ Norton SI 3^0 CRT display is courtesy of RIX Softworksdnc. Irvine, CA. 



BRAND 


YourBestChoice 
for Quality Systems 
Toll-Free Support 
Toll-Free Service 
Free Freight 
5-Year Warranty 

286/386 PORTABLES from $1745 


286& 386 Systems 
-512K,1.2MB Drive, 
Combo ControlleFy 
LCD Backlit Display 
Optional VGA 
Plasma Display 


All feature: 

• 640 X 400 Backlit 
Supertwist LCD by TOSHIBA 

(VGA 16 Ciry Scalf lliisma vicrF^an Nnw A va 

• Monographic & Color operating 
modes, VGA Optional 

• External Monitor Support 

• 2 Available expansion slots 

• 86-key keyboard 

• Accomodates two 5.25" or 
3.5" Floppy/Hard Disk Drives 

• 200 Watt 112/220 Autoswitch Pc 

• SeriaL Parallel, Game Port, Clock/ 
Calendar Standard 


Standard Pre-Built Configurations: 


Portable System Processor and Drive Options 


286-12 

286-20 

3S6/SX-16 

386-20 

386-25 

1 Floppy 

$1745 

$1945 

$2045 

$2595 

$2795 

40MB 

$2175 

$2375 

$2475 

$3025 

$3225 

66MB 

$2275 

$2475 

$2575 

$3125 

$3325 

150MB 

$3140 

$3340 

$3440 

$.3990 

$4190 


*386/20 and 386/25 Systems come with I024K. 
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Shop PC Brand Today. 


LAPTOP COMPUTERS* 


NEC 

MuUispeed HD .........Call 

Ultralite w/lMB .....__CaU 

TOSHIBA 

iQOOj 5nK,mK:iw, i fod.....——. S679 

I60f> BACKLIT, SOCSfr-lZ IMQ aOMB HD,FDO ...3240 

31OOE CAS plasAi4a !MB. sdmh hd. fdd 2S05 

3200; EGA, B02B«^12,1MB, 40MB HD, FDD. .3595 

5200/40 VGA, 80386-20.2MB, 40MB HD, FDD, ...6115 
ZENITH 

Supersport 2S6,20Meg. Call 

Supersport 286,40Meg .. Call 

Supersport 88, 20Meg.Call 

Other Makes and Modeb Call 


MONITORS* 


MAGNAvox 

7BM623 12 " Amber TTL Monochrome$79 

7BM749 14 ' VGA White Rat Screen . ...135 

CMS762 13" RGB (640x200) Color...230 

CM9043 13" EGA (640x400) Color.339 

9CM082 14" VGA (640x480) .31 DP .415 

MITSUBISHI 

XC-1410 14" EGA (640x350).$369 

AUM-1381 14" Diamond Scan...499 

HL6605 15" CAD Monitor.*....1295 

HL6905 19" CAD Monitor......2325 

NEC 

Multisync 2A 14" (800x600) VGA.$499 

Multisync GS 14" Mono. 249 


Multisync 3D 14" (1024x768) EGA/VGA ,..679 

Multisync 4D 16" (1024x768) .28DP.Call 

Multisync 5D 20" (1280x1024) .31 DP ....Call 
PRINCETON GRAPHICS 
Max 15 15" Multifreq. Montx:bronie *...$249 
Ultra 16 16" Mullifreq. EGA/VGA ........ 879 

Ultrasync 14" Multifreq. EGA/VGA.520 

PRINCETON PUBLISHING LABS 
Multi view 15" Full Page Monitor w/adflpt..$890 
RELISYS (Top Rated Infawtitid and PC SVarid) 


RE-9513 14" VGA(720x480).3lDPCoior .....$369 

SEIKO 

CM1430 14" (1024x768) Dualfreq.$549 

SONY 

CPD1304 14" .25DP(1024x768) Multiscan .$689 

CPD1320 13" {640 x 480) VGA...........485 

ZENITH 

ZCM-1490 14" Ratscreen Enhanced .$619 



MODEMS 


A.T.L 

2400ETC Internal Modem w/MNP5 ...$165 
2400ETC External Modem w/ MNP5 ...205 
HAYES 

1200B Int. w/Smartcom......S285 

2400B Int, w/Smartcom ....429 

1200 Ext. Modem... .....285 

2400 Ext. Modem.. *..*429 

PC BRAND 1CX)% Hayes Compatible! 

1200 Baud Internal w/Bitcom ...,...$49 

1200 Baud External ...*.70 

2400 Baud Internal w/Bitcom...89 

2400 Baud External.....129 

US ROBOTICS 

Courier HST/9600. ....$599 

Courier V32 9600 Baud Ext.w/MNP5 ..889 

Courier HST Dual Standard Modem.*995 

Courier HST/IX 9600 Modem.*.*925 


Internal Modems 


100% Hayes Compatible* Free Software! 



TAPE BACK-UP 

SPECIAL 


80/40MB Internal Tape Back-Up'^ 

$279 

Uses DC2IXKI SeriGtt Micro Cattridges 
*VVheii used with CMS Backup SDflrn'd.r¥ 


VIDEO CARDS 


ATI 

VGA Wonder W/256K. $315 

VGA Wonder w/512K.469 

PARADISE 

Autoswitch 480 EGA. $139 

VCA+... ....265 

VGA-i 16 16 Bit Version NEW....299 

VGA Professional w/5l2K.*_ 399 

PC BRAND 

Mono Graphics w/Printer Port.. $55 

Color Graphics w/Frinter Port..*.49 

EGA (640x480) Autoswitch .. 135 

VGA. 159 

VGA 16 Bit..... *,195 

VIDEO SEVEN 

Fastwrite VGA.*.*.,...............$279 

VRAM VGA .. 450 

VRAM VGA W/512K_*. CaO 


DISK DRIVES 


FLOPPY DISK DRIVES; 

360K 5,25" HH Black .....**$75 

720K 3.5" HH w/5.25" Mounting .*...,..80 

1.2MB 5.25" HH Grey.....85 


1.44MB 3.5-HH Grey w/5,25" Mounting 95 

PS/2 FLOPPY DRIVES 

CMS 5,25" 360K/PS/2 Ext.Floppy ,.**,$199 


HARD DISK DRIVES; 

IOMEGA 

B120I Single 5.25" 20MB Int.$765 

B1441 Single 5.25" 44MB Int ...995 

B244X Dual 5,25" 44MB Ext*,,.*.1995 

MINISCRIBE 

71MB 18MS M3085.....$595 


150MB 17MS M3180E ESDI 1/2 Hgt ..1195 
320MB 16MS M9380 ESDI Full Hgt, 1550 
640MB 16M5 M9780 ESDI Full Hgt, *...2850 

PRIAM 

130MB 20MS [D130AT Full Height ....$1395 
160MB 28MS ID160EC ESDI w/CNTRL 1650 
330MB 20MS ID330PS INT, for PS/2 .., 1895 
330MB 20MS ID330EC ESDI w/CNTRL 2250 
SEAGATE 

20MB 65MS ST225 w/XT Controller ...$249 


20MB 65MS ST225. 209 

20MB 35M5 ST125 w/XT Controller .,*„ 299 

20MB 35MS ST125 .......*, 245 

30MB 65MS ST238 w/XT Controller.269 

30MB35MSST138... 310 

30MB 35MS ST138 w/XT Controller.355 

40MB28MSST25M . 349 

40MB24M5ST151 .. 419 

H0MB28MS ST4096 Full Height ..590 

TOSHIBA 

66MB 25MS MK134RLL.. 429 

110MB 25MS MK72 RLl..*....*,..* .,669 


156MB 23MS MK-156FA ESDI Full Kgu. 1095 
if the drive you require is not lis^ted here please 
contact 00r saleji department for a quote! 

TAPE BACKUPS ^ 


60MB Archive Int. or Ext, w/Cntrl.$590 

60MB Maynard Maynstream Portable .889 

150MB Archive Internal..925 

150MB Archive External ..,,..1250 

150MB Maynard MaynstTvam Portable 1395 

2.2CB Maynard Maynstream Portable ,,*..,43511 


PC BRAND 16Bit VGA 


Ultra Hi-performance VGA Card, compatable 
w/ VGA,. EGA, inonochTOme, and ixiultisync 
monitors. Analog and Digital output, 
upgradable to 
5] 2K, resdtlutioTi 
lo 102:4x768* 
many software 
drivers 

$195 
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Save Time. Save Money. 


SCANNERS/DIGITIZERS 


Complete PC Half Page Scanner.....$189 

Complete PC Full Page Scanner.„,..575 

DFI HS3000 Plus Gray Scale Hand Scan....... 219 

Hewlett Packard ScanJet Plus..Call 

Microtek MS II. 1050 

Microtek MSF300G w/256 Grey Levels 1495 

Microtek MSF300Q w/64 Grey Levels.1275 

Summasketch 12X12.........................378 

Summasketch 12X18 .. 599 


PRINTERS* 


BROTHER 

HL 8E Laser (HP LJII, HPGL).$1875 

EPSON 


LX810 180/30.189 

FX850 330/88.... 345 
LQ850 330/88...C:all 
LQ950 264/88...Calt 
KODAK DICONIX 
ISOPlus 150/50 ..315 


LQ510 180/60.329 

FX1050 264/54.445 

LQ1050 330/88....CaB 
LQ25S0 400/108..C:aiI 

300WP 310/73 .....439 


HEWLETT PACKARD 

Deskjel Plus.....710 Laseijet II.......... 1720 

Laseijel IIP...... Call 

LASER JET ACCESSORIES 

CPI Superfont Cart, adds 150 fonts.295 

CPI IMB Memory Kit 319 CPI 2MB MemoryKit .549 
PRINCETON PUBLISHING 


PS-388 Postscript board.2250 

Adds Postscript to your HP LASERJET! 

NEC 

P2200XE192/54 335 P9XL 400/140 1030 

P52t)0 265/90 ....530 P5300 Wide .675 

LC890 Laser ....3190 LC890XL Laser ,.4495 


OKIDATA 

ML320 300/62 „ 345 ML321 300/62 ,...*479 
ML380 180/60.. .359 ML390 270/90 ,..,.475 
ML391 270/90 „655 ML393 450/120., .995 
PANASONIC (New Models Listed^ 

1180 192/38189 1191 240/48,,.*,.245 

1124 192/63.339 1524 240/80,,.**.545 


TOSHIBA 

321SL 216/72 „. Call 341SL Wide Carr... Call 
351SX 360/120.Call Express 311 ..Call 




NOVELL NETWORKING 


NOVELL 

4 User ELS 286 UveJ 1 ............$429 

8 User ELS Level II (Version 2.15).,.899 

Advanced Netware 286 (Ver. 2.15) .1795 

SFT Netware 286 (Ver* 2,15) „.***,.*,..2809 

Netware 386___*....Call 

Disc Coprocessor Board .....379 

NE2000 Ethernet File Server Board ..,399 

NEIOOO Ethernet Card. .*..,.*,269 

GATEWAY (PC Magazines Editors Choice) 

G/ Ethernet AT .. *,..*,,*$435 

G/NET..**.,,.*...269 

G/ Ethernet for PS/2.... .......Call 

STANDARD MICRO 

PC130 Arcnet Board ..,,...*,.**...**.,..$135 

FC270 Twisted Fair Arcnet Card130 
PCSOO-WS 16 Bit Work StationBoard ....375 
PC550-WS 16 Bit Twisted Pair Work Station Bd ..^ 395 
PC550-FS 16 Bit Twisted Pair File Server Bd 495 
PSllO Arcnet Board for PS/2 ,,.**,..**.****..*439 


PCSOO-FS 16 Bit File Server Board..449 

ARCNET Passive Hub... ..72 

ARCNET Active Hub...*,..**359 

ARCNET Twisted Pair Active Hub.429 

TIARA 

4 Port Passive Hub....$49 

8 Port Active Hub..............,.285 

Lancard/A 8Bit ARCNET Board *,..,..,*....*89 

Lancard/E 8Bit ETHERNET Board..199 

Lancard/E SBit Twisted Pair ETHERNET 329 
WESTERN DIGITAL 

Ethercardt w/Novell Drivers...$219 

Ethercard+ Twisted Pair Ethernet Board..319 

Ethercard+ A for PS/2 .. ..320j 

UNINTERRUFTABLE POWER 
ELGAR 

IDSllOO WOO Watt Ul"^...CaU 

IPS 500 Watt UPS -..Call 

PTl 

DataShield Turbo/2 625 Watt ..*.*595 



BRAND 


Free Freight 

30-D^ Money-Back 
Guarantee 

Toll-Free Service 
and Support 

No Credit Card 
Surcharges 

We carry over 10,000 different hardware and soft¬ 
ware iNoducts, Call for pdres on products not luted. 

~ SOFTWARE 


ALDUS Pagemaker.. $499 

ASHTON-TATE DBASE IV....449 

BORLAND Quattro..149 

CENTRAL POINT PC Tools Deluxe.42 

FUNK SOFTWARE Sideways..42 

LOTUS 1233,0.295 

MICROSOFT Excel 2.1.235 

MICROSOFT Windows 386.125 

MICROSOFT Word 5.0. 205 

IVORD PERFECT Wbni Perfect 5.0 .220 

XEROX Ventura Publisher 2.0.499 



CO-PROCESSORS/BOARDS 

INTEL 

Aboveboard Plus w/512K.*.,...,....,,..$419 

Aboveboard Plus I/O 512K,.469 

inboard 386 for PC w/fMB.,*..**.595 

Inboard 386 AT... ,.,.**859 


B087-2.. 

80387-16. 

„*„,129 8087-1.. 

.,349 80287HO ,.,., 

.189 

229 

80387-25. 

..495 80387-20. 

.«„„399 

S0387-SX...... 

......339 80387-33..... 

...659 

^Oversized Monitors, Laser Printers, Laptops 


and Plotters are excluded from free freight. 


To Older CaU 1-800-PC BRAND 

(CaU 1-800-722-7263) In All 50 States FAX# 1-800-722-7392 New Winter Extended Hours ^9 


FC Brandy Inc.954 W. Washington St^ Chicago^ IL.60607 Inti Fax# 312-226-6841 Ini'I Voice# 312-226-52DO.Open Mon thru Fri :8am to Spm Central .MasterCard^ 
VISA, Discover, Checks, & Approved P.O.s Accepted. Prices and spiedfications subject to change. Customer Service Inquiries Call: l-3(X)-662-SERV BYTE 14-12 
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S Systems for those who want to compute, not complain 


S Systems 10 MHz XT_ 

* Intel S0SS4 CFU * Enhanced lOI key keyboard 

* Phoenix BIOS • XT style case 

• 640K on board * 165W power supply 

• TEAC 3€0K floppy drive 
•MuUit/Ow/lH IS, la 

fdc, clock 


XT/10 Video Options 


Drives 

Mono 

CGA 

EGA 

VGA 

Single 

650 

775 

1045 

1115 

Dual 

675 

855 

1125 

1195 

20MB 

900 

1050 

1275 

1350 

40MB 

1050 

1210 

14S0 

1525 


S Systems 286/12_ 

• Intel 8C2S€-12 CPU “ Enhanced 101 key keyboard 

• Ami or Phoeniit BIOS • Baby AT Style case 

• 1MB RAM on board ■ 200W power supply 

• TEAC 1,44 3,5' floppy drive • Miilli I/O card w/lP, 2S ports 

• Hard/floppy drive oontroller 


AT 285-12 

Video options 


Drives 

Mono 

EGA 

VGA 

Single 

855 

1305 

1375 

20MB 

1190 

1640 

1715 

40MB 

1345 

1795 

1865 

S Systems 286/16 




* Intel a02B6-16 CPU 


* Enhanced 101 key keyboard 

■ Award BIOS 


• Baby AT style case 


• iMB RAM qn heard 


• 220W power supply 


• TEAC 1.44 floppy drive 


- IE IS Pbrt 


• Hardj'floppy drive controller 



AT 286-16 

Video options 


Drives 

Mono 

EGA 

VGA 

Single 

1010 

1455 

1530 

20MB 

1345 

1795 

1865 

40MB 

1500 

1950 

2020 

BOMB 

1765 

2215 

2285 

S Systems 386-20 




* Intel 80386-20 CPU 


• Hard/Qoppy contralter jl:l] 

^ Ami BIOS 


■ Enhanced 101 key keyboard 

« IMB on board 


• AT full style case 


-TEAC 1,44& l.aMB floppy 

• 220W power supply 


drives 


■ IE 2S ports 


AT 386-20 

Video options 


Drives 

Mono 

EGA 

VGA 


1550 

1995 

2060 

20MB 

1665 

2085 

2150 

40MB 

2000 

2400 

2475 

eOMB 

222S 

2650 

2715 


Monochrome Monitors _ 

Amdek V210A . ,.$S5 

Amdek V410A . 150 

NEC Multisync GS 2A ,. .. ........ 220 

Samsung rnono-12 flat . 105 

Samsung mono 14 . 105 

Color/EGA Monitors _ 

Amdek C73Z . $445 

Amdek G722 . .. 515 

AST EGA . ,515 

Mitsubishi 1410C . . , . . . 345 

Mitsubishi U30C ... 405 

Samsung EGA 14 .... *.. 375 

VGA/CAD Monitors _ 

Mitsubishi 1381A .. $515 

NEC Multisync 11A ... 505 

NEC Multisync 3D . .. . . 675 

NEC Multisync 4D ... 1150 

NEC Multisync 5D . . . 2350 

NEC Multisync plus ... . 915 

NEC Macsync --- 600 

Sony 1302F . .Call 


Printers_ 

NEC P2200 $330 

NEC P5200 . 525 

NEC P5300 . .695 

Okidata 320P . ..375 

Okidata 321P .. 520 

Okidata 390 . 530 

Okidata 391 . .705 

Okidata 393 . 1105 

Okidata 393C .. 1185 

Tbshiba 301 . 315 

Tbshiba 311 . 380 

Tbshiba 341SL __ 650 

Tbshiba 351SX .... 985 

Laser Printers _ 

NEC LC 890 . $3405 

Tbshiba PSagelaser . ... . 2785 

HP LaserJet 11/1 ID . . Call 

HP Laseijet UP .1050 

Plotters_ 

HI DMP52 . $2495 

HI DMB52MP . ,2945 

HI DMP-61 . 3245 

HI DMn62 . 4000 

Video Boards _ 

Hercules Colorcard . $155 

Hercules tncolorcard . 210 

Hercules VGA . 189 

Paradise EGA 350 .. 195 

Paradise EGA-480 . . 210 

Paradise VGA-Plus .. 280 

Paradise VGA-Plus-16 . 320 

Paradise VGA-Prof . . , .. 470 

Quadram Quadega . 250 

Video 7 Vega Deluxe .... . 225 

Video 7 Vega VGA . .. 300 

Video? Fastwrite VGA . 380 

Video VRAM-VGA . 475 

Mult if unction/Memory Boards 

AST Rampage 2-356 - 1290 

AST Rampage-286 . Call 

AST Rampage PluS'286 . 420 

Intel Above 286-Plus . 433 

Intel Above PS286 Plus . 485 

Accelerator Boards _ 

Intel Inboard 386-PC .650 

Intel Inboard 386 .. 900 

Floppy Drives _ 

Tbshiba 360K . $70 

Toshiba 1.2MB.. . 85 

Tbshiba 720K .. . , 75 

Tbshiba 1.44MB . .90 

TEAC 360K ..... ., 75 

TEAC 1.2 MB . .......90 

TEAC 720K . 80 

TEAC 1.44MB . 90 


Hard Drives 

Seagate 20MB . . 
Seagate 40MB . . 
Seagate BOMB . . 
Plus Hardcard-20 
Plus Hardcard-40 
Plus Passport-20 
Pius Pkssport-40 
Tkpe Drives 

Archive 5240 . , . 
Archive 5540 . , . 
Archive VP601 . 
Mountain 4340 . 


$225 

.410 

.600 

.535 

,670 

.415 

.560 


$325 

.345 

.675 

,400 


Math Co-processors 

Intel 80287-8 . 

Intel 80287-10 . 

Intel 80387-16 .. ... 

Intel 80387-20 . 

Intel 80387-25 . 

Intel 80387SX .. 

Intel B0c287 .. 

Software _ 

Aldus Pagemaker . 

dBASEIV. .. 

Logitech catchword ..... 

Lotus 1-2-3 V. 3 . 

Lotus Symphony . 

Microsoft Windows 286 . 
Microsoft Windows 386 . 

Microsoft Excell . 

Microsoft Word .. 

Microsoft Works .. 

Paradox 3.0 . 

PFS First Publisher - 

Ventura Publisher . 

Word Perfect 5.0 ...... 

Symantac QSA 3,0 ..... 

Mice _ 

Logitech Serial Mouse . . 
Logitech Bus Mouse ,.., 
Microsoft Mice . 

Modems _ 

us Robotics 1300 . 

US Robotics, 2400 ..... 

Okitel 1200B int . 

Okitel 2400B int _ 

Okitel 2400B Plus kit . . . 

Laptop Computers 

Tbshiba 1600-20 . 

Toshiba 1600-40 --- 

Tbshiba 3100E . 

Tbshiba 3200 . 

Tbshiba 5100-40 . 

Tbshiba 5100-100 _ 

Tbshiba 520040 . --- 

Tbshiba 5200-100 . 

Zenith Supersport 286 . . 
Zenith Minisport Imb , ,. 
Zenith Minisport Zmb , . , 

NEC Ultralite Imb . 

NEC Ultralite 2mb . 

Tbshiba SZOOSX . .. 

Sharp 4641 ... 

Sharp 5541 . 

Scanners _ 

HP ScanJet. 

Logitech Scan Man , . . 
Niscan OCR .. 

Surge Protectors 

Curtis Diamond . 

Curtis Emerald . 

Curtis Ruby.. 

Kensington Masterpiece . 

Fax Machines _ 

Sharp PO-220 .. . 

Sharp FO'300 .... ., 

Sharp FO-330..... . 

Murata 1200 . ,.. 

Murata 1600 . ... 


$225 
.260 
.415 
,470 
, 590 
, 375 
,315 


$455 
A5Q 
.135 
.310 
.415 
. .70 
.130 
.285 
.215 
,105 
,415 
.70 
.485 
.220 
.215 


Call 

Call 

Call 


.Call 

Can 

,125 

,200 

.235 


$3375 
.3775 
.2800 
.3500 
.4275 
.4925 
.5185 
.5475 
..Call 
. 1395 
.1795 
.2050 
.2595 
..Call 
.2195 
,3375 


Call 

.225 

.395 


CaU 

Call 

Call 

,100 


$750 

1025 

1075 

.650 

.875 


To order call 1.800.837.3573 


Fax # 708-495-2629; International please call 708-932-0102 


• Lease Available 

* Certified & Cashiers Check 

* Wire-Transfer, Money Orders 

• Personal & Co, checks allow 10 days 
to clear. 


• No returns without RMA# 

• 30 Day Return Pblicy 

• No returns on Software 

• Prices subject to change without 
notice. 


ELS ENTERPRISES, LTD. 

15 E. Madison, Lombard, IL 60148 

Hours: Monday-Friday, 8ani-6pni CST 
Saturday I0am-4pm 


Circle II7 on Reader Service Card 














































































































































































FEATURE 


Configuring 

Parallel 

Programs 

PART 1 

The Occam Transpiler, now under development, will make 
writing software for parallel processing easier 

Dick Fountain 


ew people now dispute that parallel processing 
will ultimately be the way forward in designing 
faster computers. There is a limit to how fast 
you can make one CPU go, so to go faster 
means using more than one CPU* However, 
parallel processing is by no means a simple panacea* 

For the first 40 years of computer history, programmers 
have been refining the art of writing sequential computer pro¬ 
grams, and it*s not always easy to see how such programs can 
be made to run on multiple processors; in other words, it’s not 
easy to spot the inherent parallelism in problems. The philoso¬ 
phers’ stone of parallel computing would be a completely auto- 
niatic programming system that would let the programmer con¬ 
centrate purely on the problem at hand and would hide all the 
details of how it is to be executed on a parallel machine. 

Much of the current research into parallel-programming lan¬ 
guages is directed toward helping the programmer to code 
problems in a parallel fashion without becoming bogged down 
in the details of how parallel processes (the concurrently exe¬ 
cuting parts of a parallel program) communicate with one an¬ 
other. New languages such as Occam, Linda, Parlog, and 
Strand offer widely different styles of parallel programming 
that assist the programmer in this way. 

Spotting the parallelism inherent in a problem and coding it 
into a program is only a part of the solution. The parallel pro¬ 
gram then has to be fitted onto the group of parallel processors 
available for the job. This is known as configuring the program. 

One way to tackle the configuration problem would be to 
build the ideally flexible parallel computer. It would have a 
huge (ideally infinite) number of processors, each connected to 
all the others by message channels of huge (ideally infinite) 
bandwidth. Topologists call this a “completely connected” net¬ 
work. Any program could be run on some part of such a beast. 

However, even ruling out the infinities, such a computer is 
not practical. The total number of connections between the pro¬ 
cessors grows as the square of the number of processors, so for 
a machine with thousands of processors you would need mil¬ 


lions of channels. The number of I/O ports on each processor 
grows linearly, but even a modest machine with 100 processors 
would need 100 I/O ports per chip; this is true of serial commu¬ 
nication links, bus connections, and shared RAM ports. 

For comparison, the INMOS transputer has just four serial 
links, while Thinking Machines’ Connection Machine (possi¬ 
bly the most parallel machine made so far) has 64,000 process¬ 
ing nodes but only 12 links per processor, arranged as a 12- 
dimensional hypercube. The technology of VLSI sets limits to 
what is possible in this direction. 

Another way to tackle, or rather to avoid, the configuration 
question is to go to the opposite extreme—namely, to fix the 
architecture of the parallel computer and completely integrate 
it with the software system. You design a parallel-programming 
language that assumes a particular layout of processors (e.g., a 
pipeline, a tree, a hypercube, or whatever) and then sell the 
compiler and its custom computer as a bundle. 

Although this can work, it is unlikely to be acceptable as a 
general solution. No single parallel-computer architecture has 
emerged that is better than all the others , and there are convinc¬ 
ing theoretical reasons to believe that no such architecture can 
exist. Each different topology is good for some classes of prob¬ 
lems and bad for others—often so bad that it is worse than a 
conventional sequential computer solution. While you can cer¬ 
tainly sell fixed-architecture solutions in specific problem 
areas, such as image processing or graphics rendering, such 
machines will not be general-purpose parallel computers. 

So in the real world, you are likely to be faced with a finite 
network of processors and communications channels and with 
the ability to make only a few of the possible connections be¬ 
tween pairs of processors. In these circumstances, you have to 
make decisions about how to map processes and messages onto 
processors and communication links. Often there will be more 
software processes than physical processors, and so you have to 
choose how many, and which, processes to run on each proces¬ 
sor, and the same for messages and links. Choosing the best 

cotuinued 
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CONFIGURING PARALLEL PROGRAMS 


network of processors to exe¬ 
cute a given program turns 
out to be an extension of writ¬ 
ing the program itself. In this 
month’s and next month’s ar¬ 
ticles, ril look at two differ¬ 
ent approaches to solving this 
problem, known to computer 
scientists as the mapping 
problem. 

The Mapping Problem 

Any parallel program can be thought of as being equivalent to a 
set of sequential programs executing at the same time and 
communicating with one another over abstract channels,” fol¬ 
lowing Tony Hoare’s famous Communicating Sequential Pro¬ 
cesses model {Communications oftheACM^ 1978). The struc¬ 
ture of a program considered in this abstract way is a network 
similar in kind, but not necessarily in detail, to the parallel- 
processor network on which it will be executed. The mapping 
problem then reduces to ensuring that neighboring processes 
communicating over a channel are mapped, as far as possible, 
onto neighboring processors that are directly connected—the 
goal being to minimize unnecessary communication. 

Computer scientists de¬ 
scribe these networks by 
means of graphs ^ which in 
this mathematical sense are 
diagrams composed of nodes 
(or vertices) connected by 
edges (or arcs). Both the par¬ 
allel program and the proces¬ 
sor network can be represent¬ 
ed as graphs (see figure 1). 

Graph theory is a well-de¬ 
veloped branch of mathemat¬ 
ics, and the mapping problem 
can be restated in terms of 
functions that operate on 
graphs: Find a function map¬ 
ping one graph onto another 
that maximizes the number of 
edges in the first graph that 
coincide with edges in the 
second graph. If there are 
more vertices in the first 
graph than in the second, sev¬ 
eral vertices of the first graph 
will have to be mapped onto 
one vertex in the second 
graph; if there are fewer, then 
dummy vertices can be insert¬ 
ed in the first. 

A formal mathematical 
treatment is beyond the scope 
of this article, but suffice it to 
say that stated in this form the 
problem becomes recogniz¬ 
able as equivalent to a well- 
known—and unsolved—prob¬ 
lem in combinatorial math, 
the **graph isomorphism” 
problem. As with the related 
“Traveling Salesman” prob¬ 
lem, all known algorithms for 


solving it have the disagree¬ 
able property of requiring 
amounts of computing time 
that rise exponentially with 
the number of vertices, so that 
even for quite modest net¬ 
works, an exact solution be¬ 
comes impractical. It seems 
as if the philosophers’ stone 
has been snatched away be¬ 
fore we have even started. 
Things are not quite so bad, 
however. Although exact algorithmic solutions are out of the 
question, there are approximate heuristic solutions that will 
give pretty good results in most cases. The system that is my 
subject this month uses such solutions to configure parallel pro¬ 
grams written in Occam onto networks of INMOS transputers. 

The Occam Transpiler 

The Occam Transpiler is the result of a research project at the 
University of Berne in Switzerland by Daniel Meier and An¬ 
dreas Wespi. I saw a prototype of the software working at this 
year’s CeBit show in Hannover, Germany, on the stand of Con¬ 
current Technology Systems (CTS), a firm set up by Meier and 

Wespi. The name Transpiler 
is meant to suggest a combi¬ 
nation of transputer and com¬ 
piler, in just the same way that 
transputer was coined from 
transistor and computer (i.e., 
a computer that is also a com¬ 
ponent). 

The Transpiler is a soft¬ 
ware system that takes a 
source program written in 
Occam and attempts to con¬ 
figure it to run as efficiently 
as possible on a network of 
transputers. The Transpiler 
system consists of five major 
modules, themselves parallel 
programs that execute on the 
target transputer network (see 
figure 2), 

The first two modules are 
analyzers that discover the 
structure of the parallel Oc¬ 
cam program and the trans¬ 
puter network, or, in mathe¬ 
matical terms, that extract the 
software and hardware 
graphs. The graphs are pro¬ 
duced as ASCII text files that 
can be inspected and edited. 

These two output files are 
then fed to the third module, 
the mapper module, which at¬ 
tempts to solve the mapping 
problem for this particular 
case. The module does this in 
two stages, first placing pro¬ 
cesses onto processors and 
then placing software chan¬ 
nels onto hardware links. It 
can insert dummy processes 


P 

%/ hoosing the best 
network of processors to execute a 
program turns out to he an extension 
of writing the program itself 



Figure 1: A parallel program and the processornetwork 
performing it can be represented as graphs made up of nodes 
(or vertices) connected by edges (or arcs). The ohjea is to 
maximize the number of edges in the software graph that 
coincide with edges in the hardware graph. If there are more 
vertices in the software graphs several vertices will have to 
mapped onto one (middle f If there are more vertices in the 
hardware graph, thimmy vertices cmi be inserted in the 
software graph (bottom). 
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and/or multiplex several 
channels onto a single link if 
the sizes of the networks do 
not match. The output from 
the mapper is then compiled 
by the fourth module. 

In the prototype system I 
saw running at CeBit, the 
configurer output was a new 
Occam source program with 
all the correct PLACED PAR 
and link-to-channel assign¬ 
ments added to it. This was 
compiled with INMOS's 
TDS2 Occam compiler to 
produce an executable pro¬ 
gram; the Transpiler acted 
only as a preprocessor. Even¬ 
tually, CTS hopes to produce 
its own transputer code gener¬ 
ator so that the Transpiler will 
become a full compiler. 

The fifth module is a per¬ 
formance analyzer that mea¬ 
sures the loading of each pro¬ 
cessor in the network* Its 
output can be fed back to the 
mapper and then used to im¬ 
prove the solution of the map¬ 
ping problem. 

Hardware Analyzer 

The hardware analyzer is a 
worm program of the kind 
now routinely used to explore 
transputer networks. It works 
by loading a small program 
segment onto the first trans¬ 
puter in the network. This 
segment then inspects all four 
of the transputer's links by 
trying to boot the transputer 
at the other end of it. If it suc¬ 
ceeds, it transfers a copy of it¬ 
self to the next processor, 
which then repeats the ma¬ 
neuver until the whole net¬ 
work has been covered. 

Things are not quite this 
simple, since it is possible that 
the network contains circular 
paths* Like a virus, the worm 
has to test a key memory loca¬ 
tion to make sure a copy of it¬ 
self is not already present at a 
particular node. 

The worm reports the link 
connections and the amount 
of memory that each trans¬ 
puter has. Figure 3 gives a 
simple network and the worm 
program’s output based on 
that network. 

The worm also produces a 
graphical display of the net- 


DATA FLOW IN THE TRANSPILER 


Processor network Program 



Figure 2; The Transpiler system consists of five major 
modules, which are themselves parallel programs and execute 
on the target transputer network. 


TRANSPUTER NETWORK 



T1 (002 MB. HO, T2, T3, -) 
T2(256 KB, Tl.-,-. T3) 

T3 (256 KB*-*TLT2, -) 


Figure 3: A graphical display of a simple network, produced 
by a worm program. The program starts with the first 
transputer in the network (TI) and tests for the presence of 
additional transputers at all four of the transputer's links (0,1, 
2, and 3). It then transfers a copy of itself over the next link 
that has a transputer attached (link I, to T2), and repeats the 
maneuver until the whole network has been covered. Finally, it 
produces the graph on the host workstation's screen (HO). The 
result of this hardware exploration is represented as 
**Transputer number(memojyJmkOJink 1 JinklJinkS), ** as 
shown far each of the transputers. A dash indicates that no 
transputer is attached at that link. 


work it has discovered on the 
host workstation’s screen. 

PrecompUer 

The software analyzer is an 
Occam precompiler that in¬ 
spects your program in two 
passes. The first pass collects 
static information for each 
procedure in the program: the 
channels that it uses, with 
their direction and protocol; 
the workspace required; and 
the expected computation 
time. This la*st figure is not 
easy to determine; in general, 
it is as difficult as the map¬ 
ping problem itself. CTS uses 
a simple rule-of-thumb mea¬ 
surement: workspace size X 
code size. But this rule is sub¬ 
ject to continuous improve¬ 
ment in successive versions* 

True communication cost is 
difficult to determine, too, as 
it depends on the actual traf¬ 
fic on each channel at run 
time, and that is not currently 
measurable. Until it is, each 
channel has to be counted as a 
fixed communication over¬ 
head for the purposes of map¬ 
ping. 

The second pass identifies 
processes and their param¬ 
eters (i*e., instances of calls 
to the procedures). From all 
this information a software 
graph is constructed, with a 
process at each node and sin¬ 
gle, undirected edges con¬ 
necting the nodes; multiple 
channels between the same 
processes get reduced to one 
for the purposes of mapping. 
The information on channel 
direction and protocol is used 
only after the mapping stage, 
to generate legal Occam con¬ 
figuration statements. 

Things are complicated by 
the fact that Occam allows 
processes to be built out of 
nested simpler processes , and 
it also supports precompiled 
units. For purely pragmatic 
reasons, the Transpiler treats 
a whole precompiled Occam 
unit as the smallest process 
that can be mapped, so it can¬ 
not split compiled code mod¬ 
ules. This restriction allows 
the workspace requirement to 
be determined exactly. 

continued 
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Mapper 

The crux of the Transpiler 
idea is the mapper module, 
which actually does the work 
of adapting the software 
graph to the hardware graph. 

At Hannover, CTS showed 
three alternative mapping 
modules that are being evalu¬ 
ated, each of which uses a dif¬ 
ferent strategy. 

The simplest of these mod¬ 
ules, called ADAPTER, uses 
a conventional graph-search 
algorithm. It generates a tree 
of all the possible mappings 
and measures for each the in^ 
terprocessor communication 
cost and load balancing. The 
aim is to minimize communi¬ 
cation cost and to distribute 
computing load as evenly as 
possible. As this is an expo¬ 
nential-time algorithm, the 
search tree may overflow 
memory for all but the small¬ 
est networks if allowed to 
grow freely. In ADAPTER, a 
tree-pruning strategy is used 
to reduce the chances of overflow, but it means that the best 
solution may be missed. ADAPTER can only be used for small 
networks. 

The other two modules, EVALCONFIG and MAPPER, both 
use variants of a probabilistic, evolutionary algorithm. Since 
they are conceptually similar, I'll just describe MAPPER, 
which is the focus of future developments. 

Evolutionary algorithms are so called because they resemble 
the familiar Darwinian evolution of species by natural selec¬ 
tion. Such an algorithm finds a valid but less than optimal solu¬ 
tion to the problem using some naive strategy. Then it tries to 
improve this solution by making small random alterations to 
the parts (“mutations” in the analogy) and then checking to see 
whether the overall solution has become better or worse. Better 
solutions are kept and worse ones rejected (“survival of the 
fittest”). 

Algorithms like this have been applied to the simulation of 
thermodynamic systems, the annealing of metals, and neural 
network research. They can produce excellent, if not perfect, 
solutions in a short time. The fact that randomness is involved 
gives them the disconcerting property that they may arrive at a 
different (though close) solution each time they are run. For an 
evolutionary algorithm to work, it must be able to measure the 
fitness of each solution using a so-called “cost function.” The 
Transpiler currently uses a cost function that incorporates both 
computational load balancing and (approximate) communica¬ 
tion cost, 

MAPPER is a parallel algorithm that runs on the target 
transputer network. A first solution is found by assigning pro¬ 
cesses randomly to processors and then letting each processor 
optimize its own local connections to its neighbors by applying 
the cost function. The overall mapping produced by this sum¬ 
ming of local optimizations will not, in general, be very good. 

The algorithm then moves toward a solution by swapping 
pairs of processes and measuring the effect of this swap on the 
fitness of the whole network; such an exchange may increase or 


decrease the quality of the 
overall mapping. Only those 
swaps that increase the over¬ 
all fitness are made perma¬ 
nent, When every possible 
pair of processes has been 
trial-swapped, the whole 
business is repeated until no 
further increase in fitness is 
obtained; this constitutes one 
pass through the main body of 
the algorithm. 

Unfortunately, this swap¬ 
ping strategy does not always 
converge smoothly on the best 
solution; the fitness may have 
stopped improving because 
the best possible solution has 
been reached, but it might 
also have become stuck in an 
evolutionary dead end. To es¬ 
cape such false endings, the 
algorithm ingeniously simu¬ 
lates an environmental catas¬ 
trophe—the evolutionary 
equivalent of a kick in the 
pants. This is done by simply 
swapping a random number of 
processes to give a new map¬ 
ping, which is quite likely to be a step backward, and then let¬ 
ting another pass of evolution work on it. The algorithm termi¬ 
nates if this further evolution does not produce any overall 
improvement (see listing 1). The best mapping found is then 
returned as the result. 

The Future 

Much work still remains to be done on the Transpiler. At this 
writing, Daniel Meier told me that CTS has decided to delay its 
commercial launch in favor of another year of research at the 
University of Berne. The latest version of the MAPPER algo¬ 
rithm can map a program of 100 Occam processes onto an arbi¬ 
trary network of 32 transputers in about 3 seconds. 

One unresolved problem is how to make the worm program 
delect peripheral devices connected to a transputer network. 
But the most difficult work concerns improving the cost func¬ 
tion, which means more accurately measuring computational 
load and communication traffic. The favored method is to mea¬ 
sure these directly from a simulation of the program's execu¬ 
tion running on a single transputer. 

Another possible route is to build up libraries of standard 
program building blocks {e,g., math functions) whose execu¬ 
tion costs can be measured in advance. In a similar way, topol¬ 
ogy libraries for various commonly used hardware configura¬ 
tions (e.g., hypercubes or tori) can be constructed to simplify 
the mapping process. 

Projects such as the Occam Transpiler should ultimately lead 
to programming tools similar to today's optimizing C and 
FORTRAN compilers, in which all the hard work of analyzing, 
mapping, and simulation is hidden inside a black box that the 
user just sees as the compiler. After that, the philosophers' 
stone of parallel programming might be within reach. ■ 


Dick Fountain is a BYTE consulting editor, technical author, 
and software consultant living in London, England. You can 
contact him on BIX as **dickp ." 


Listing 1: The pseudocode for an evolutionary mapping 
algorithm. A program could stop before the best possible 
solution has been reached because it got stuck in an 
evolutionary dead end. In this event, the algorithm 
simulates an environmental catastrophe by randomly 
swapping a number of processes and tcdcing another pass 
through the algorithm. If this further evolution does not 
produce any overall improvement, the algorithm 
terminates and returns the best mapping that it "s found 
as the result. 

Create first mapping by any mettiDdi 
best := first mappings 
finished FALSE; 

WHILE HOT flulflbed 

REPEAT (Evolutionary pass} 

improved ;= FALSEji 
FOR EACH process in mapping 

Try pairwise swap with all other processes and measure 
resulting fitness 

Seleot swap that gives heat fitness 

If fitness gained >» 0 then make this swap permanent 
If fitness gained > 0 then improved TRUE 
ENDFOR 

UNTIL NOT Unproved; 

IF fitness or new mapping < fitness of best 
THEN finished := TRUE; {Terminate} 

El^E best new mapping 

Swap n randan pairs of pronesses {Apply 'eataatrophe^} 
END IF 
EHDWHILE 
OUTPUT heat 
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The Wizards 

OF THE Media Lab 

At MITs Media Lab, researchers conjure up futuristic prototypes 
that could change the way we handle information 

Janet J. Barron 


n om room, red, yellow, and blue Legos busily 
build themselves into various shapes and struc¬ 
tures, while a Lego robot makes tea. In another 
room, music emanates from a lump of clay. In 
yet another room, a minuscule area on a giant- 
size monitor contains gigabytes of information. 

Such scenes—the stuff of science fiction movies—are every¬ 
day occurrences at the MIT Media Laboratory, a high-tech 
think tank dedicated to exploring new ways for humans to inter¬ 
act with every imaginable type of media. 

In existence for five years now, the Media Lab was created 
by a nucleus of people under the direction of interface pioneers 
Jerome Weisner and Nicolas 
Negroponte, who saw the 
need for intensive research di¬ 
rected toward the interface 
between human beings and 
technology. Roughly 100 cor¬ 
porate and nonprofit agencies 
fund the Media Lab*s re¬ 
search program, the primary 
goal of which is to generate 
innovative prototypes. These 
funds, grants, and endow¬ 
ments enable the lab to recruit 
top-notch researchers and 
give them the resources to 
tackle a variety of futuristic 
experimental projects. 

Computers are a basic in¬ 
gredient of this rarefied re¬ 
search atmosphere. If you 
could wander the halls of the 
Media Lab, you would see HP 
Bobcats (Motorola 68000- 
based workstations that do 
most of the Lab’s heavy-duty 


processing), Sun and Lisp machines, minicomputers, five 
mainframes, and a Connection Machine, By far the most prev¬ 
alent machine these researchers use is the personal computer. 
In fact, the Media Lab averages over two of these per person. 

As a working, dynamic research facility, the Media Lab’s 
structure is in constant evolution. The lab is loosely organized 
into 12 functional groups, or domains. The domains most in¬ 
teresting to personal computer users include spatial imaging, 
advanced TV research, the visible language workshop, music 
and cognition, vision science, film and video, movies of the 
future, speech research, and the school of the future. Each do¬ 
main is presided over by one or more nationally or internation¬ 
ally renowned figures. 

Images and Imagination 

The Media Lab’s spatial im¬ 
aging group works under the 
auspices of Stephen A. Ben¬ 
ton, inventor of the rainbow 
hologram. Holograms can be 
produced in a variety of ways. 
The most familiar of these are 
laser-transmission hologra¬ 
phy, reflection holography, 
and rainbow or white-light- 
transmission rainbow holog¬ 
raphy. Rainbow holograms 
lend themselves easily to in¬ 
expensive mass production by 
surface relief embossing. 
Photo 1 shows a computer- 
produced hologram. 

Most of the innovative ho¬ 
lographic applications cur¬ 
rently under exploration rely 
on holographic optics’ unique 
continued 




Photo 1: This digitally modeled Life " illustrates the use 
of reflection-mapping and texture-mapping techniques to 
produce striking three-dimensional images. (Photography: 
Plesniak/Klugt Spatial Imaging Group. All photos courtesy of 
the MIT Media Laboratory.) 
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ability to combine and simultaneously process information that 
is distributed across a plane or scattered throughout a volume. 
Consequently, according to Benton, holography will someday 
be used in applications in scanning technology; fiber-optic 
multiplexers and demultiplexers; data encryption, storage, and 




Photo 2: fViih hardware rendering o/three-di/nensiona/ 
shapes now pmcticai, Media Lab researchers are conducting 
experiments with 3-D representation of prog rams. In this 3-D 
graphical debugger^ the boxes represera program elements; 
they change size^ position, and color as the program runs. 
(Photography: Lieberman, Visible Language Workshop) 



Photo 3: A scene from ‘"Beat Dedication, ” award-winning 
animation created with a system that combines a key-frame 
animation system with a solids-modeling package, 
(Photography: Sabiston/SmalU Visible Language Workshop) 


processing in optical computing; pattern recognition; non¬ 
destructive testing; holographic movies and video; and three- 
dimensional laser photography. Some of these uses already 
exist in rudimentary forms, and all are being researched. 

Some problems need to be overcome before we can adopt a 
medium with images in a fully three-dimensional form. These 
include developing a process to record true color, the ability to 
produce larger (1-meter-square) holograms, the advent of a 
commercial holographic laser printer, and the projection of 
large-scale moving three-dimensional images. 

With the help of computers and video equipment with resolu¬ 
tions approaching 2000 by 2000 pixels, and increases in ma¬ 
chine capacities and speed, Benton and his research group are 
gradually finding ways around these fundamental barriers. 
One result of Benton’s work is the possibility of using personal 
computers to create holograms. Such a process, heretofore un¬ 
thinkable, is now feasible thanks to current three-dimensional 
CAD software and powerful personal computers such as the 
Mac IL Essentially, there would be two phases of creating a 
hologram on a personal computer. Given the right kind of ren¬ 
dering software, you would build up a scene by creating objects 
and adding shading and reflections; you would then make 100 
pictures of the scene as seen from side-by-side viewpoints and 
write all the information to a floppy disk. 

In the second phase, you would send the data to a lab, which 
would optically combine your images on high-resolution film to 
produce the final hologram. At the moment, one of the logisti¬ 
cal problems with this scenario is that, as yet, there are no com¬ 
mercial labs that will do this part of the process. 

Talking with Pictures 

The Visible Language Workshop, led by Muriel Cooper, re¬ 
searches the uses of graphics in all forms of communications, 
notably the area of electronic communication. In their re¬ 
search, members of the workshop use film, illustration, typog¬ 
raphy, images, and sound. Several challenges face the work¬ 
shop’s programmers and graphics designers as they explore 
design tasks that are amenable to machine modeling, including 
the need for real-time visualization techniques, rapid prototyp¬ 
ing, and organizing materiaLs. Photo 2 shows an example of 
their work, a three-dimensional graphical debugger, while 
photo 3 shows a scene from the award-winning animation 
*'Beat Dedication,” produced by the Workshop. 

Patrick Purcell's work in this area is directed at the way 
knowledge-based design systems can enhance the design pro¬ 
cess, whether it involves graphics, architecture, living environ¬ 
ments, and so on. Purcell is also involved in the development of 
electronic image libraries and the technology of image delivery 
systems. This technology is being created to make image col¬ 
lections easily available to the general personal computer user 
and those who want to integrate these graphics into electronic 
publishing environments. The project currently consists of ap¬ 
proximately 200,000 images, but it will ultimately embrace the 
full MIT Rotch Visual Collection of well over 400,000 color 
and black-and-white images. Using a LAN to query the data¬ 
base and (currently) campus TV cable channels as a delivery 
system, users will be able to access these images on the same 
scale and with the same ease of access that people retrieve text 
today. 

Moving Pictures 

The Computer Graphics and Animation domain researches 
issues of dynamic movement of objects in a context of goal-di¬ 
rected animation. Among its current projects is Bolio, software 
that acts as an environment for developing models for computer 
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animation sequences. Bolio (derived from the name of an ice 
cream shop favored by the Lab’s researchers) provides re¬ 
searchers with a large library of graphics routines and some 
standard interfaces for communicating with other embedded 
applications. 

Among the animation and simulation techniques currently in 
use is an inverse kinematics system that handles the physics of 
animation (e.g., making balls bounce) as well as the way ani¬ 
mated figures move. Here and elsewhere in the Media Lab, re- 
searchers use devices known as the DataGlove and DataSuit to 
plot human activity (see “Between Man and Machine,” Sep¬ 
tember 1988 BYTE), 

Computer graphics have long been used in architecture, but 
the results of research by another leader of the group, David 
Zeltzer, could enhance this productivity tool. To checkout spe¬ 
cific systems, such as the heat load in various rooms, for in¬ 
stance, Zeltzer’s system would allow architects or engineers to 
use simulated people walking around in a simulated building. 
Another application of graphical modeling would be simulating 
dynamic action, such as the movement of a skin transplant on a 
burn victim. 

Future Television 

Berndt Girod, a new member of the Media Lab, says, “We are 
proposing something for TV similar to what happened with 
personal computers. It’s a standard backplane that different 
manufacturers can make various modules to plug into. Then, 
when a new standard comes along, you’ll be able to plug an¬ 
other card into the backplane.” Girod thinks that the adoption 
of such a “superstandard” will allow manufacturers to inte¬ 
grate the TV and the personal computer. He notes that there are 
already workstations that have pop-up windows with TV pro¬ 
grams running in them. 

According to Girod, we may soon be able to transmit digital 
movies and video with acceptable quality at 64,000 bps 
(through an enabling technology such as ISDN)- We may even 
be able to integrate visual (face-to-face) communications in a 
new type of E-mail called video mail that will allow you to send 
and roceive video messages on your computer screen. “ISDN is 
basically here, and one of the nice things we can do with it is 
transmit pictures,” says Girod. 

Work is under way on video telephony, the real-time trans¬ 
mission of a sender’ s image (as opposed to sending prerecorded 
images), says Girod, This will require improved compression 
techniques. “A simulation of videophone transmission com¬ 
pressed to 64,000 bps can display only 10 pictures a second, 
while film displays 24, and TV displays 30 pictures a second.” 

And for those who dread the thought of people on the receiv¬ 
ing end of your computer being able to see you, say, early in the 
morning, Girod has an answer. He posits that in-progress work 
on three-dimensional modeling will result in the ability to build 
a three-dimensional model of a face of your choosing. Then 
you’ll be able to transmit the image of a still face that you like 
and also animate that face to respond appropriately to the con¬ 
versation on the transmitting end. 

One of this group’s long-term goals is to make real three- 
dimensional holographic TV possible (not just stereo with 
glasses, says Girod). Workstations will be the first places we’ll 
see this kind of display, but again, problems in signal process¬ 
ing and data compression remain to be solved before the tech¬ 
nology will be available. 

Speech Research 

Chris Schmandt, of the Lab’s Speech Research domain, has at 
least one major research goal, and that is to figure out how 


humans and computers can interact by voice, to “get a machine 
to do what a secretary can do,” As Schmandt says, “A personal 
computer is my node”—his connection to the outside world. 
Part of this domain’s research involves dealing with voice into¬ 
nation, speaker intent, and natural language input. 

Says Schmandt, “The concept that the voice will replace the 
keyboard is fallacious. The keyboard is a very effective input 
device- But using the voice to create documents is very diffi¬ 
cult, and it’s almost impossible to recognize unconstrained 
speech. In 10 years, if you can sit down and talk to your com¬ 
puter, you’ll be lucky.” 

Currently, the speech research lab is building a program 
called the Backseat Driver that will run in your car and help 
you plan your route. Plans are to enhance the program with the 
addition of timely traffic information. 

Film and Video 

The Media Lab’s film and video department is committed to 
technological advances in both the content and the medium it¬ 
self. The department has been involved in bringing the advan¬ 
tages of random access to film via the use of the videodisk—that 
is, letting users access specific film scenes and information, 
just as they access data on their hard disks. Photo 4 shows a 
screen shot of the video storyboard system. 

Historically, with a documentary, one person selectively de¬ 
cides what the viewers will see. Researcher Glorianna Daven¬ 
port is developing an interactive magazine-type format that 
uses movies, text, graphics, photographs, sound, and video in a 
system that would allow viewers to orchestrate their own dy¬ 
namic presentation of the information. 

Davenport and Andy Lippmann, of the Lab’s Movies of the 
Future domain, are researching ways to allow viewers to expe¬ 
rience information from their particular point of view. Cur¬ 
rently, different perspectives of a subject are being filmed and 
then digitized using an MIT-created video workstation—a hy¬ 
brid with an IBM 5081 head, a DEC processor, and a parallax 
frame grabber digitizing at 30 frames per second. 

continued 



Photo 4: This video storyboarder runs real-fime digital video 
on a Unix-based workst(tiion running X Window. 
(Photography: Pepe/SheldoUt Film/Video Group) 


DECEMBER 1989 -BYTE 355 


















FEATURE 

THE WIZARDS OF THE MEDIA LAB 


In the near future, Davenport expects the technology to mi¬ 
grate to where it can be further developed and refined in a Mac 
environment. “Eventually, we want to be able to use personal 
computers to view, annotate, reconfigure, and distribute per¬ 
sonalized information and entertainment material,^’ she says. 

Using specific distance information provided by a range 
camera and other esoteric equipment, a student of Lippmann*s 
is working on a project to build a three-dimensional database of 
the objects in a scene. But until we understand how our eyes 
see, Lippmann says, he probably won*t be able to perfect it. “If 
he does a good job, he graduates,” the professor said, laughing. 

Electronic Publishing 

The Media Lab's Electronic Publishing domain covers a num¬ 
ber of research areas that ultimately could change the way we 
transmit and receive electronic information. One of those areas 
is narrowc<uting, the opposite of broadcasting. Narrowcasting 
could be defined as the production of dedicated electronic in¬ 
formation and the communication of that data to only users who 
have specified it as their particular interest. For instance, the 
system could direct information having to do with marine biol¬ 
ogy to a scientist at Woods Hole SeaLab who has requested that 
subject as his specific interest. 

Walter Bender, head of this project, notes that we currently 
use spreadsheets on per sod al computers so we can learn, ana¬ 
lyze, and manipulate very primitive data types, such as alpha- 
numerics. But we are inventing new data types, such as images. 


movies, and sound. To use current communications metaphors, 
we want to change the broadcasting of sound and images from 
analog-facsimile equivalent to digital-ASClI equivalent: With 
ASCII, you can manipulate information and perform syntactic 
and semantic analyses denied to you in the analog medium. 
Photo 5 shows a real image whose three-dimensional aspects 
have been captured so that the apparent light source of the scene 
can be changed. 

Bender’s group is working toward the day when your ma¬ 
chine will be on an intellectual par with you and be able to re¬ 
late to you as an equal. “Right now, it's just an appliance that 
you manipulate,” Bender says. “But one day you'll use your 
personal computer as an agent, to play devil's advocate—argue 
with you for or against an issue. Instead of signal processing, 
we're really after semantic processing, where a machine will 
be doing stuff with you, instead of your doing stuff to it.” 

Bender also spends some of his multitasking time “people 
watching” and believes that computers should be able to do 
this, too. “Computers need to have a "presence detector' to 
know whether or not you are there (at the computer) and paying 
attention,” he says, “That knowledge is important. If you 
aren't, the computer won't flash important information at you, 
and it can go off and do maintenance until you turn your atten¬ 
tion back to the machine.” 

Even more interesting would be the computer's ability to 
understand your facial expressions. “Ultimately,” Bender 

continued 


Photo 5; This series computer-graphics manipulation 
of a real scene. Ccunera-sensing ran^ informmion lets the 
artist change the real image in the photo at right to either of 
the photos below, in which the position of the light has been 
synthetically altered^ {Photography: M. V. Bove} 
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OKIDATA introduces a line 
of PC modems that run so cool 
they’re guaranteed for 5 years. 


Circle 238 on Reader Service Card 



... Mve five stars to our 
1200 bps modem and top- 
rated our 2400 bps modem. 



... gave our 2400 their 
coveted “Best Buy” title. 


Registered Tnidefiiarks: OKIDATA. Oki America, Inc.. 
Marque de'posw de Oki America, inc 
Ihidemarks: PC Digest, National Software Ibiting 
laboratories. Inc.; At Worid, PC World Communi¬ 
cations, Inc. 


Our new 1200, 2400 and 2400 Plus PC modems are 
built around a very simple fact: the cooler they run, 
the longer they last. 

That’s important in any modem, and it’s vital in the 
case of an internal board. That’s why we engineered 
a special chip that does the work of three ordinary 
chips. It also generates less heat—and consumes 50% 
less power—than the leading brand. Which is why we 
back our modems twice as long as they do. 

But reliability on the inside comes as no surprise when 
the OKIDATA name is on the outside. 

We have over a century of experience in telecommuni¬ 
cations all over the world. And you’ll see it in everything 
we make, from tank-tough printers to award-winning 
PC modems to a full line of high-speed modems. 

To see our new “cool machines’’ in person, visit your 
OKIDATA dealer. Or call 1-800-OKIDATA for the name 
of the dealer nearest you. 



an OKI AMERICA company 

We put business on paper. 
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Extend model created using Manufacturing Discrete Libraries 

...Are Worth More! 


Announcing 3 New Extend™ Libraries! 

Manufacturing 
Discrete Event 
Generic (Business) 


Use these [ibraries, or Extend's Engineering Library, 
for iconic modeling. For full power and flexibility, 
use Extend's built-in compiled programming language 
to develop your own libraries. Model the behavior of: 


Factory Production 
Cash Flow 
Signal Processing 
Neural Response 
Biological Systems 
Mechanical Design 


Electronic Systems 
Computer Networks 
Waiting Lines 
Material Handling 
Transportation 
Space Station Freedom 


Continuous, Discrete Event, and Monte Carlo 


"Extend is a highly recommended powerful professional 
simulation nwdeling tooL. it is among the most powerful 
of such tools, regardless of computational platform" 

- David Stemlight, Mac WEEK June 20, '89, 

"...create some dazzling simulations without the pain 
normally associated with simulation programming. For 
my money, Extend lives up to its name." 

- Don Crabb, Byte Dec '88. 


Extend™ 

Professional Simulation For The Macintosh- $495 

Imagine That, Inc. 

151 Bemal Road. Suite S • San Jose, CA 95119 USA 
(408) 365-0305 

Extend is a uademaric of Imagine That, Lie. 
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He Vision Science 
domain is also researching new 
techniques of image data 
compression. 


adds, "each computer will have built-in smile and frown detec™ 
tors. But it’s not clear yet what a smile is. Certainly, it’s more 
than just a visual image~a smile is an emotional feeling, too.” 
Conversely, Bender envisions a portion of your computer 
screen with a face that would frown at you if it doesn’t under¬ 
stand what you want it to do. 

Visions of the Future 

In the Vision Science domain, one of the projects most likely to 
see results in the not-too-distan! future is involved with com¬ 
puter vision. Computer vision—the adaptation of machine vi¬ 
sion systems to personal computers^could have a treinendous 
impact on how we use our computers. However, this is a diffi¬ 
cult area of research, according to Edward Adelson, who co¬ 
chairs this domain along with Sandy Pentland. 

“We’re coming up with chips appropriate for vision systems, 
and we already can do simple operations in parallel and do 
them fast," says Adelson. “Conceptually, and in the hardware 
world and signal and parallel processing world, we are making 
lots of progress. But we still have a long way to go." 

The Vision Science domain is also researching new tech¬ 
niques of image data compression, such as methods to store 
gray-scale and color images in as little space as possible. 

The Man-Machine Interface 

The Human Interface domain is currently researching the in¬ 
terface between people and communications, and the actions 
that take place at that interface. Richard A. Bolt and his crew 
are focusing on speech, gesture, and eye contact and the combi¬ 
nations thereof. 

According to Bolt, it would be more effective and easier if, 
instead of having to interface with our machines via a key¬ 
board, mouse, or DataSuit, we could use what he calls subcar¬ 
riers of communication. These are actions such as shrugging, 
smiles, body language, winks, eye contact, gestures, and 
speech. “Interfaces such as eye tracking won’t eliminate the 
keyboard and mouse," says Bolt, “They’ll provide additional 
ways for you to interact with your computer," 

One of Bolt’s graduate students is developing a prototype called 
a self-disclosing system. The system, composed of a planet with 
volcanoes and staircases leading nowhere, is a three-dimen¬ 
sional world in a microcomputer. A host talks in synthesized 
speech about subjects that you tell it you are interested in, that it 
infers you are looking at, or that you point to on-screen. 

“Most of us can’t program in C or Lisp or use Unix, but we 
all use speech, gestures, and eye tracking,’’ Bolt notes. “In five 
or 10 years, truly new flavors of dialogue and exchange may be 
possible,” 

The Sound of New Music 

The combination Music and Cognition domain is directed by 
Marvin Minsky, Tod Machover, and Barry L. Vercoe. The 
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Mixed Analog/Digitai Simulation 


Circuit 


Simulation 


Available on Popular Computers, Including the New DECstation 3100 


Whether your installation uses computers from 
Apollo, Apple, DEC, IBM, or Sun, PSpicecan help 
your circuit designs. By maintaining consistent file 
formats across different platforms, PSpice insures 
that circuit designs, both old and new, can be 
simulated on all your computers. 


' Analog Behavioral Modeling, which allows you 
to specify arbitrary transfer functions for devices, 
either by formula or look-up table. This can be 
done in both the time and frequency domains. In 
time domain the devices may te non-linear as wel I 
as linear. 


In addition, we customize our graphics to get the best 
performance on each platform. Our drivers span the 
range from direct writing into refresh memory to 
higher level interfaces such as X-Windows. Since we 
use consistent file formats, that means that, for instance, 
a simulation done on a VAX 8800 can have its results 
viewed graphically on a Macintosh. Or, if you prefer, 
you can simulate on the Mac and do the viewing on 
the 8800. 


Since its introduction over five years ago, MicroSim’s 
PSpice has more copies sold than all other commer¬ 
cial SPICE programs combined. Here are some of the 
features which have made PSpice so popular: 


> Monte Carlo analysis to calculate the effect of 
parametertolerances on circuit performance. This 
includes statistical, sensitivity, and worst case 
analyses, 

' The Probe “software oscilloscope” provides an 
interactive viewing environment for simulation 
results (see photo above). 

' The Parts parameter extraction program, allow¬ 
ing you to extract a device’s model parameters 
from data sheet information. 


• Standardparts libraries of over 22(X) analog models: 
diodes, bipolar transistors, small-signal JFET’s, 
power MOSFET’s, opamps, voltage comparators, 
transformer cores, and opto-couplers. 

• GaAs MESFET devices, BSIM MOS model. 

• Non-linear transformers modeling saturation, 
hysteresis, and eddy current losses. 

• Ideal switches for use with, for example, power 
supply and switched capacitor circuit designs. 

These PSpice options are also available: 

> Digital Simulation, which allows you to simulate 
mixed analog/digital circuits with feedback be¬ 
tween the analog and digital sections. A library of 
690 TTL devices is included. 




PSpice is available on these computers: 

• The PC family (including the PS/2) running DOS, 
DOS with extended memory, or C)S/2. 

• The Macintosh II and SE30, 

• The Sun 3, Sun 4, and SPARCstation families. 

• The Apollo DN3(KX) and DN4(XX) workstations. 

• The VAX/VMS family, including the MicroV AX. 

• The DECstation family, running Ultrix. 


Each copy of PSpice comes with our extensive product 
support. Our technical staff has over 1(X) years of 
experience in CAD/CAE and our software is sup¬ 
ported by the engineers who wrote it. With PSpice, 
expert assistance is only a phone call away. 


For our free information packet, including a PSpice 
demo diskette, call us toll free at (8(X)) 826-8603 or, 
in California, (714) 770-3022. Find out for yourself 
why PSpice is the standard for circuit simulation. 


Circle 208 on Reader Service Catd (DEALERS: 21 
^^CroSim CorpOrStion 20 Fairbanks • Irvine, CA 92718 USA • Telex 265154 


l^Spice IS a registered trademark of MkroSim Corporation. All other brands and product names are trademarks or registered trademarks of their respective holders. 




















FEATURE 


THE WIZARDS OF THE MEDIA LAB 



Photo 6: A mode! of a factory assembly line, constructed from 
‘'intelligent ** Lego elements controlled by an Apple-based Logo 
program. 


internationally known Minsky (author of The Society of the 
Mind) plays a dual role in the Lab’s activities. He not only pur¬ 
sues his own specific research in AI, he also pays attention to 
the field of musk as an “epistemological opportunity to under¬ 
stand fundamental properties of the human cognitive system/’ 

Minsky’s goal is to make a machine that has common sense. 
“Someday youTl plug into your computer a big ROM that will 
know most things that most people know. For instance, it’ll 
know that people get mad if you take their things away from 
them, or, if you paint something, it stays that color for a while. 

“Some work has been done on common sense, but right now, 
computers can only do things that we can buy applications for. 
It’s much harder for them to provide personal services than 
commercial services such as standardized widget work.” 

Tod Machover’s goal is to analyze how our minds work when 
they create or process music and then to see how we can and do 
use these principles. He carries out this global undertaking in a 
number of ways. 

“The personal computer is the brain of the whole concept,” 
he says, “This kind of thing can’t be done on mainframes be¬ 
cause they aren’t fast enough. For this kind of research, you 
need immediate feedback.” When there aren't traditional ways 
of doing things, Machover invents new ones, often including 
new instruments. For a project that he undertook before com¬ 
ing to the Lab, he invented a new type of orchestra consisting 
entirely of personal computers. Actually, the musicians were 
people playing a new genre of instrument coupled to the 
computers. 

Among Machover’s inventions are hyperinstruments, which 
combine machine-augmented instrumental techniques, knowl¬ 
edge-based performance monitoring, and intelligent music- 
structure generation. He uses hyperinstruments to research 
what human performers do well, to study their reactions, to ab¬ 
stract and separate them from the sound, and to get them away 
from pressing one key with one result. 

Machover uses a Mac II for much of his work. He has written 
one music system in which he coded the knowledge base in 
Common Lisp and now is working on formalizing the knowl¬ 
edge to continue to build the system. His goal is to have the 
computer, given a score and performer tolerances, be able to 
compose its own accompaniment, orchestrate it, and do the 
sound and color. 

Machover’s group is also studying what kind of gestures are 
best suited for what kind of music. With the use of the Data- 


Glove, for example, they are working on modeling performers’ 
and conductors' actual physical actions and movements. 

“People are very used to fooling around with music on their 
persona] computers,” Machover says. “But many of them have 
hit a brick wall in what they can do. Programs soon will be 
available that, at the very least, will improvise and play along 
with you. And eventually, users will be able to see their music 
graphically and holographically—maybe in real time.” 

Learning with Logo and Legos 

Seymour A. Papert, inventor of the Logo computer language, is 
director of the Learning Research Group. He spends much of 
his time researching how the computer can offer opportunities 
for children to acquire knowledge through informal, personal, 
experimental, and impromptu processes, as opposed to those 
routine, structured processes they use today. 

One learning tool that Papert's group gave birth to is a pho¬ 
netic dictionary that addresses the common complaint, “How 
do you look something up if you don’t know how it’s spelled?" 
Another and different approach to learning uses Lego building 
blocks invested with intelligence (via chips) in combination 
with the Logo language (see photo 6). Papert calls it the Lego/ 
Logo project. With the Logo programming system. Lego build¬ 
ing blocks, and an interface between the two, children can 
learn differently, in a self-initiated process of discovery that 
previously they would never have considered or thought pos¬ 
sible. 

The Media Lab's Crystal Ball 

Nicholas Negroponle, the Media Lab’s dynamic director, takes 
issue with people who predict that certain things are impossible 
for personal computers and technology to attain. “There will 
be a very fundamental change in what personal computers look 
like,” he says. “Today, the PC is driven by the desktop meta¬ 
phor, but that scenario will disappear and be replaced by a the¬ 
atrical metaphor. Users literally will see on their screens little 
expert agents who will do things for them.” 

Negroponte also predicts that we will eventually see three- 
dimensional images in real time, and that low-cost graphics 
will explode in the next few years. “CAD/CAM 3-D will move 
to the desktop. There will be a major turnaround in speech rec¬ 
ognition. People will move from direct manipulation of their 
machines to delegating them as agents. 

“MIPS [million instructions per second] and storage have 
become inconsequential because gigabits per second are speeds 
that people just canT comprehend. (In 1 gigabit, you can get a 
year of the Wall Street Journal in 1 second.) Symbolic-encoded 
data will change the whole picture, 

“Computers will be responsive and will go massively paral¬ 
lel. The relevant question is, how do you use massively parallel 
machines? As computer chips get a bit more intelligent and 
start communicating with each other, people won’t have to be 
computer-literate. With the addition of speech and facial ex¬ 
pressions, personal computers will offer a sensory-rich experi¬ 
ence. Between now and the early 1990s, there will be speech; 
between the 1990s and the early 20(X)s, vision will come to our 
machines.’* ■ 
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KAYPRO 

KC-1 


Affordable computing power, 
ideal for small businesses or 
budget-conscious students, 
featuring Kaypro’s rugged, 
reliable, reputable design. 
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Color Graphics 
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845 
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Device Bays 
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Operating Systemt 
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Free 

Warranty 

1 Year 

1 Year 
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a new 80386^ 33 MHz microcomputer. 
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Making ^\AvES 


Offspring of the personal computer and ham radio, 
packet radio has come into its own 

Mark Waller 


ifteen years ago, the epitome of the electronics 
hobbyist was the amateur radio operator. Hams 
were the electronics innovators, the garage- 
shop inventors in the forefront of technology. 
Then came the microprocessor, and kits that 
let low-budget tinkerers build their own computers. Suddenly, 
hams became hackers, and the measure of electronic innova¬ 
tion switched from megahertz to kilobytes. 

From the very start, however, the radio and the computer 
have been natural allies. An article in the third issue of ETYTE 
noted that “marrying the two 
offers the opportunity to com¬ 
municate information (of all 
kinds) on a much wider 
scale.” (See “Computers and 
Amateur Radio” by Michael 
A. Gipe in the November 
1975 BYTE.) 

In the intervening years, as 
computers took over the tech¬ 
nology scene, hams have re¬ 
mained hard at work with 
their soldering irons in their 
basements and garages. The 
result has been a marriage of 
technologies between the per¬ 
sonal computer and the radio. 

The result: an application 
called “packet radio.” 

As the name implies, it*s a 
digital system of transmitting 
information via ham radios 
(available only to licensed op¬ 
erators). But this simple con¬ 
cept, along with the ability to 
exchange data from one sta¬ 
tion to another, has led to a 


global network of packet-radio stations. In fact, any packet sta¬ 
tion can command other packet stations to form a network for 
the transfer of information. And many networks can operate on 
the same frequency. So reliable is this new form of communica¬ 
tion that American hams sent many packet stations (i.e., com¬ 
puter, transceiver, and packet modem) to their Russian coun¬ 
terparts after the devastating earthquake in Soviet Armenia. 

Error-Free Communications 

If you’ve ever listened to amateur radio “QSO” (or conversa¬ 
tion), you may have noticed 
static, noise, and interference 
from other stations, as well as 
signals that fade out entirely. 
Packet-radio pioneers saw the 
computer as the ideal way to 
overcome these problems of 
radio communications. 

Packet transmissions con¬ 
sist of small blocks of infor¬ 
mation called frames. There 
are three types of frames: in¬ 
formation, supervisory, and 
unnumbered (see figure 1). 
Information frames contain 
the normal data that one sta¬ 
tion wants to communicate 
with another. A supervisory 
frame provides control of the 
communications link. Un¬ 
numbered frames allow data 
to be transmitted by one sta¬ 
tion when there is no destina¬ 
tion station. In addition, these 
frames perform other control 
functions. 

continued 
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FEATURE 
MAKING WAVES 


A PACKET RADIO INFORMATION "FRAME" 


Start 

Address 

Control I 


Information 

CRC 

Stop 

flag 

01111110 

112-560 

bits 

8 bits 

PID 

8 bits 

no more than 

2048 bits 

16 bits 

flag 

01111110 


PID Protocol identification CRC = Cyclic redundancy check 


Figure 1: Packet radios communicate using frames. Each frame is organized using the AX.25 protocol (a version ofX.25 
modified for amateur radio). Shown here is an information frame; supervisory and unnumbered frames are also used (see text). 


A frame has a protocol of bits arranged as flags^ control, and 
address information. Thus, frames can be sent and received in 
an orderly fashion, and the communication is complete, logical, 
and error-free. If the frame sent from one station collides with 
the frame of another station, or if anything occurs to interfere 
with the successful reception of the packet, the destination sta¬ 
tion automatically requests a retransmission and the frame is 
re-sent* 

The Problem of Protocols 

As with any new form of communication, packet radio under¬ 
went a struggle during the evolution of its universal format. A 
group of Canadian hams created the first successful packet net¬ 
work, It used start-stop ASCII with the Ethernet CSMA/CD 
protocol. 

Nearly two years later, amateurs all over the U.S, entered 


THE MAJOR COMPONENTS OF A TNC 



Figure 2: The terminal node controller (TNQ provides the 
function of interfacing the computer with the ham radio. It is 
a device that incorporates the packet modem. 


the packet world and started work on their own hardware and 
protocols. Setting up a protocol meant designing the terminal 
node controller, as well as the way it would communicate, A 
TNC is the device that actually interfaces between the com¬ 
puter and the radio (see figure 2), 

In late 1981, the Tucson Amateur Packet Radio Corp. came 
into being and worked on the hardware, while another group, 
the Amateur Radio Research and Development Corp., worked 
on the protocol. What came out of all this diligence and cooper¬ 
ation was a microprocessor-based TNC using a resident 
EPROM that contained the instruction set. 

Of course, there had to be a way to transmit this digital signal 
over the air waves. The packet-radio developers decided to shift 
the transmitting frequency when a 0 or 1 data bit was being 
transmitted. Soon, modems with either the Bell 202 or 103 
standard could generate the proper digital radio signal. 

The Packet Modem 

All this experimentation led to a complete packaged product 
with a lot of features. Creators of the packet modem provided 
not only full TNC functions using the latest AX,25 version 2 
protocol, but also variations of the original that interface to 
IBM PCs and many other microcomputers. In addition, many 
products exist that will decode various other digital formats, 
including fax and Morse code. 

If you tune into specific frequencies where packet radio is 
active, you hear sudden bursts of oscillating tones—one is 
called the mark and one the space. The presence or absence of 
marks and spaces during the packet's short transmission en¬ 
codes the synchronous bits of information. 

Aside from the error-free exchange of data, the real beauty 
of packet radio is the marriage of the personal computer with 
the packet modem. You can obtain menu-driven software to 
control the packet modem and, by implication, the ham radio 
transceiver* In addition, it*s also possible to transfer data on 
numerous ‘"channels” at the same time. With available soft¬ 
ware, the operator can control all data transfer and identify 
which conversation is which as the information scrolls up the 
screen. 

Many stations can share the same packet frequency, and all 
conversations can appear on the screen, but you can use com¬ 
mands to have the modem show only those packets relevant to 
the receiving or linked station. Packet stations can link one-on- 
one or in network fashion. 

A packet station can also be used as a digipeater—thsil is, a 
digital repeater. Two stations can link to a third station to take 

continued 
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Meet Perfect Menu. 

The Perfect LAN 
Front-End. 

(Complete with E-Mail!) 

Menu Program. System Administrator. Electronic Mail Sys¬ 
tem. Usage/Project TVacker. Security Watchdog, and much 
more, all in one program for your DOS LAN or stand-alone. 

Perfect Menu is a total LAN Front-end solution—compatible 
with ALL DOS LANs (Novell. 3COM. PC-MOS. Network- 
OS. Banyan, you name it). For all its power, Perfect Menu 
is completely Non-Memory Resident, and self-installs 
across any network, to any local, redirected and virtual drive 
of any size. 

Perfect Menu gives you access to 640 individual menu selec¬ 
tions with over 10,000 command options for each user. 
Menus can even be nested up to 32 levels deep! Perfect 
Menu lets you create a Common Integrated User 
Interface—tailor it to your specifications and needs. 

Perfect Menu gives you System Administrator sophistica¬ 
tion. power and ease^Z-use with features like advanced secu¬ 
rity control, innovative usage and project tracking, handy 
PIM tools and much more. Perfect Menu’s autonomous Sys¬ 
tem Administrator program sports more tools than we have 
room to explore. Suffice to say—it defines power and con¬ 
venience 

And. if all of the above is not enough. Perfect Menu comes 
with a full feature E-mail system! You have to see Perfect 
Menu to believe it, check it out today! 

PERFECT MENU Family 

♦ LAN PAK/UNLIMITED Users Per File 
Server. 

If you’re looking for best value in network front-end, 
menu. E-mail, usagefproject tracking, security and 
productivity software—then this is the perfect selection! 
Easy to setup, administer and use, yet completely cus¬ 
tomizable and extremely powerful and sophisticated. It’s 
simply perfect. 

Retail Price: $349.95 

♦ LAN PAK/FIVE Us«r Network. 

If you have a PC-based network or applications, then 
our five user version sets the standard for small net¬ 
works! Not only is it easy-to-use, it’s easy-to-adminster 
and has all the power of its Unlimited Big Brother. Of 
course, if you have growth in mind, all versions are fiilly 
upgradeable. 

Retail Price: $195.95 

4 BUSINESS PAK/Stand-alono. 

With our single user BUSINESS PAK, many users share 
one stand-alone computer. You can have all the power 
of the PERFECT MENU network versions as you 
administer productivity—not headaches! 

Retail Price: $84.95 

♦ BASIC SYSTEM/Slngl« Us«r. 

Want perfection at home? PERFECT MENU BASIC 
SYSTEM is as powerful as it is easy to use. At a $49.95 
suggested retail, it’s one of the best values in its class. 



International Computer Group, Inc 
18520 Office Park Drive 
Gaithersburg, MD 20879 

(800) 833-2324 

(301) 670-7007 in MD, (301) 330-7274 fex 
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MAKING WAVES 


advantage of its strategic location. For instance, if one station 
wants to communicate with another but is out of radio range, a 
third station that both can “copy” can act as a repeater, thereby 
linking the two stations. This can be done without the digi- 
peater station being in on the exchange of information. It is en¬ 
tirely consistent with the technology for an operator to find his 
station suddenly being used by two or more other stations to 
pass information. 

Uses for Packet 

The digipeater capability allows you to transfer messages over 
distances much greater than the original transmitting station 
can cover. Now, for the first time, this networking can take 
place automatically. As long as several local stations can com¬ 
municate with one another, an effective LAN exists. Some sta¬ 
tions are easier to receive than others because of antenna height 
variations, intervening mountains, and so forth. By construct- 

F 

k very kind of file 
that can be transferred by telephone 
can be downloaded or uploaded 
via radio. 


ing a well-placed repeater roughly in the center of all these sta¬ 
tions, operators can substantially increase the reliability of the 
network communications. Even mobile and portable stations 
can become part of the network. 

With packet, a central repeater is not usually necessary. 
Each station in the network can act as a repeater for any other 
station it can hear. Nor are networks just local. Today, net¬ 
works exist that pass messages literally around the world. If you 
tune a shortwave receiver to around 14,1 MHz, you will hear 
global message transfers occurring at 300 bps. 

Gateways to Other LANs 

One or more stations in each LAN can operate as a gateway to 
other LANs, All that is needed for these special stations is a 
TNC that has two or more ports and a radio and antenna for 
each port. An amateur in Los Angeles, for instance, has a reli¬ 
able communications path into the San Francisco Bay area as 
well as into Phoenix, and the network of gateways is constantly 
being expanded. 

At frequencies such as 145 MHz, radio signals do not bounce 
off the ionosphere. They travel straight to the horizon until they 
bump into a building or mountain. Clearly, networks and gate¬ 
ways are a real advantage in large metropolitan areas. But how 
would a network user in a 145-MHz LAN pass messages 
around the world? 

The answer is crossband gateways: Packet radio uses short 
waves that have frequencies with the ability to bounce off the 
ionosphere and land in distant parts of the globe. Thus, gate¬ 
ways operating simultaneously on VHP (very high frequency , 
line of sight) and HF (high frequency, shortwave) can pass 
messages from a LAN in Chicago to a LAN in New York. Nor 
does it stop there. Today’s VHF packet is at 1200 bps, but many 
stations are experimenting at 9600 bps at frequencies in the 


200-MHz and 400-MHz bands. The FCC has authorized ex¬ 
perimental stations that operate totally unattended. 

Bulletin Boards 

Packet technology has blurred the lines between radio hobby¬ 
ists and computer hobbyists. Software is now available to allow 
amateurs to run their own BBSes. Operators can use their 
radio, personal computer, and packet modem to check into nu¬ 
merous BBSes that function as mail centers, file storage and 
access points, and gateways and nodes in various networks. 
When you tune in to one of the many packet frequencies, you 
may hear more than simple text files being transferred. Every 
kind of file that can be transferred by telephone can be down¬ 
loaded or uploaded via radio. And what would be called a spe¬ 
cial-interest group on a conventional on-line service is handled 
by a wide array of personal BBSes where hams with specific 
interests congregate to share files. 

Packet Radio—What Next? 

The combination of inexpensive portable computers and tiny 
packet modems has created briefcase-size packet stations. The 
antenna, a 2-meter (145-MHz) quarter-wave whip, is about 18 
inches long and can be fashioned from a coat hanger. The 
smaller modems (TNCs) are about the size of a pocket calcula¬ 
tor. The advent of this technology means that, during a crisis, 
disaster personnel can set up full-scale communications on a 
moment’s notice by installing packet stations and linking them 
with established networks virtually anywhere in the world. 

Of course, haras have been doing this kind of thing for years. 
Sometimes they have been the only source of information from 
the scene to the outside world. Packet radio provides an extra 
dimension to this scheme. Now, packet-radio modems pass 
streams of data without waiting for a response, and the data 
arrives error-free. 

Space and the Global Community 

During the 1960s, hams designed and built their first commu¬ 
nications satellite, called OSCAR (orbiting satellite carrying 
amateur radio). Its initial launch spawned a ham space program 
that continued to launch OSCARs. 

The next project on the drawing board is PACSAT (packet 
satellite), a compact flying mailbox. PACSAT will upload mes¬ 
sages when it flies by and then download when it is over the 
receiving station’s location. At present, operators can commu¬ 
nicate via JO-12 (JAMSAT-OSCAR-12), a satellite success¬ 
fully launched by the Japanese amateur radio community. 
Dubbed “Fuji,” this satellite has an on-board mailbox system 
that can store 50 messages in its approximately 192K bytes. 
Future projects involve a German satellite, the Space Shut¬ 
tle, and ongoing packet transmissions that use meteor scatter, 
the technique of bouncing radio signals off the ionized trails 
left by space debris as it enters the atmosphere. For the future, 
the implications of packet radio are awesome. Personal satellite 
communications will soon become reality. Tomorrow, an oper¬ 
ator will be able to carry a small laptop computer/transceiver/ 
packet modem and be in touch with friends around the world. 

This kind of immediate, close contact throughout the inter¬ 
national community could change our attitudes toward one an¬ 
other and bring the notion of a global community down to a 
level where all of us are full participants. ■ 


Mark Waller is a computer jacilities consultant and the author of 
Computer Electrical Power Requirements and PC Power Pro¬ 
tection (Howard W. Sams). He can be reached on BIX c/o 
‘^editors. ” 
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CAPTURE 

CREATE 

ANALYZE 

DIRECT 




..with sonic digitizers 


Capture.,. 

Input data from film transpar¬ 
encies^ projections, hardcopy, 
3-D objects and motion. 
From any surface in any 
orientation...with 2-D 
formats up to 60"x 72" and 
3-D objects within a 9 foot 
cube. In data output formats 
to suit your specific needs. 


Create... 

a variety of graphic images. 
From the simplest of 2-D 
formats to the most complex 
3-D animated images. Gener¬ 
ate contour images and 
dimensions of solid objects. 
Creates animation databases 
for use in film production, 
robotics and a host of other 
applications. 


Analyze... 

input data from any source 
document, drawing, 3-D 
objects or forms in motion 
...to provide cost estimates 
from drawings. . .generate 
contour images of solid 
objects.. .real-time multipoint 
analysis of humans and 
objects in motion. 


Direct... 

robotics, CAM, CIM and a 
multitude of other auto¬ 
mated and semi-automated 
systems and equipment. 
Capture and analyze the 
input data from its source, 
then format it to drive 
your system. 
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Digitizing Today... 

Alth Tomorrow's Technology 

n use today, around the world as integrated work- 
tation components or add-on systems to computer 
levices. Serving business, construction, industrial 
md medical applications. 

"all or write today to discuss your special require- 
nents. We will customize to meet your specifications. 
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200 Watson Boulevard RO. Box 587 
Stratford. CT 06497 
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On Dasher, on Dancer, 


on Prancer and BlXen 


advances in real-tijne video processing and storage. We^D also 
he offering gift suggestions to last-minute shoppers for the 
other Macaholics in their life. 

tef The Games Continue —Here's the Interactive Games 
Exchange schedule for December. Watch for specials, as well: 
Smidays, pM £Sr— Poetry, art, music and stories from 
by "gone days to yet-to-come days are featured in this confer¬ 
ence. (join fun. n. games/game, room) 

Sundays^ 9:30 PMEST—l&mi about role-playing games on 
line and offline at Fantasy Foundation College, (join ff/ff.col) 
Mondays, Thursdays, and Saturdays, 9 PM-Midnight ESI— 
Check into the Meade & Mirth Inn and enjoy free-form, role- 
playing games that take you back to the Middle Ages—and 
sometimes far into the future, (join mnm/inn) 

Tuesdays, \^nesdays and Saturdays, 9:30 PM EST—Enjoy 
real-time fantasy role-playing games as well as message-based 
player interaction in Ledinworld, the Advanced Dungeons & 
Drains center of the IGX. (join iworld/ledinworld) 
Thursdays, 10:15 PM EST—Bieak in on Pandemonium, the 
contemporary parlor games and other social activities in the 
"game.room/' (join ton.n.games/game.room) 

Fridays, p PM £'57'—Begin your T.G.l.F. nights in the pursuit 
of trivia, (join ton.n.games/game.room) 

Fridays, 9:30 PM EST—Vhy a role in a variety of role-playing 
games, (join encounters/new.worlds) 
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Finally. An on-line service 
that doesn’t nickel and dime v 


It’s BlX’s flat-fee service. 

BIX is short for BYTE Information 
Exchange. The on-line informa¬ 
tion service that’s yours for an 
unheard-of flat fee of just S39 for 
three months*—an amount you 
could easily waste in just two to 
four hours with an hourly rate, 
on-line service. (Not to mention 
the fact that you’d be nickel-and- 
dimed for its monthly minimums.) 

And here’s another distinction: 
BIX is strictly for microcomputer 
pros; it contains no “fluff.” As a 
subscriber, here’s what you’ve 
got coming to you: 

□ Ail the information and ideas 
exchanged in more than 150 
microcomputer-related confer¬ 
ences—a give-and-take in which 
you can participate. 


S20 per month, or 13 per off-peak 
hour, in the continental US*.* For 
more information, including your 
local Tymnet access number, call 
800-227-2983 (in New Hampshire 
and outside the United States, call 
603-924-7681). 

*Bstsed on g SI 56 annuiI fee, billed 
quarterly — a subscription you may cancel 
at any time without future charges. You 
may also subscribe for a 3-tnonth trial at 
just $59 

• *For international rates, please consult 
your local PTT. Our international packet 
network address is 310690157800. 

No extra charge for 2400 Baud access. 
Tymnet prices are subject to change. 


□ Microbytes Daily —up-to-the- 
minute industry news and new 
product information. 

□ Plus support from hardware 
vendors and software publishers, 
access to extensive software 
libraries, and the use of our 
electronic mail service—which 
allows binary attachments. 

Subscribe to BIX right now— 
using your computer and modem 
Set your telecommunications 
program for full duplex, 8 bits, no 
parity, 1 stop bit, or 7 bits, even 
parity, 1 stop bit. Now dial BIX at 
617-861-9767, hit the return key, 
and respond as follows: 


Prompt: 

login (enter“bix”): 
Name? 


One Phoenix Mill Lane 
Peterborough, NH 03458 
800-227-2983. In NH 603-924-7681 


You can charge your BIX 
subscription to major credit cards, 
or have it billed to your company. 
You may also purchase unlimited 
off-peak access via Tymnet for just 
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r Large format plotters for designers 

who want performance, 
but can’t afford expensive. 




Best Price Performance 

These days more companies 
are concerned about CAD 
buckets but don’t want to sac¬ 
rifice quality or performance. 

That’s \\^y more design pro¬ 
fessionals are turning to 
Zericon for large format plot¬ 
ting solutions. At 21 diagonal 
inches per second and 
advanced speed up features 
like look ahead vector 
analysis, you’ll fly through 
curves as well as straight lines. 

When you buy a Zericon plotter, you get 
the best throughput for your dollar in 
the industry today. 


$ 1695 . - $2995 

Factory Direct Pricing 


FEATURES 

3610 

3620 

Z3000 

Z4000 

MEDIA 

C/D 

C/D 

A-D 

A-E 

PRICE 

1695 . 

1895. 

2695 . 

2999 . 

8 PEN OPTION 



395. 

395. 

OW/SPKEl) 

7ip« 

J5ips 

2 Jips 

21ips 

REPEmSlUTV 

.004 

.004 

.004 

.004 

LCD MENU 



X 

X 

CUm>M GABLE 

X 

X 

X 

X 


No Risk 
Money Back 
Guarantee 


Starting at $1695. for our ValueLine D 
size, to $ 2995 . for our 
Designer Series A-E 
model, we make a 
large format plotter 
that’s just right for 
your apphcation. 


Call Us Today and we’ll send you a 
fiiU-size sample plot and tell you about 
our 1 year reliability warranty and our 
customer support program which includes 
complete product satisfaction or your mone 
back within 10 days of purchase. We’d like to win 
you over as a Zericon customer. And we’ve got the 
products and service to do it. Give us a call. Zericon 

Inc., 40491 Encyclopedia 
Circle, Fremont, 

CA 94538. 

In CA (415) 490-8380. 
FAX (415) 490 - 3906 . 


japanese Warrior created on die Zericon it40D0 A-E 


ZEFtICON 

Moreplotter. Not more money. 
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FEATURE 


Electronic 

Oxford 

A five-year computerization effort transforms a massive classic — 
the Oxford English Dictionary—mto an on-line speedster 

Eric Giguere 



he dynamism and adaptability of the English 
language are evident to anyone who has sat 
down with a dictionary for an hour of leisurely 
browsing. As the language evolves, some words 
fall into disuse, others gain new meanings, and 
new words are develqjed to fill the gaps brought about by tech¬ 
nological and social change. 

Dictionaries are the instruments by which these changes in 
language are recorded. But dictionaries are out of date as soon 
as they are published. Computerization offers at least a partial 
solution to this problem, and 
few projects have been as am¬ 
bitious in this regard as the 
computerization of the Ojrford 
English Dictionary (OED). 

The Dictionary 
The OED is the most compre¬ 
hensive record of the En^ish 
language available. As a his¬ 
torical dictionary, the OED’s 
principal goal is to trace both 
the origins and the subsequent 
development of English 
words. Word meanings in the 
OED are illustrated with ex¬ 
tensive quotations drawn 
from printed sources. 

The OED first appeared in 
installments starting in 1884, 
and it was finally published in 
its familiar 12-volume format 
in 1933. Four volumes of sup¬ 
plementary word definitions, 
known as the Supplement, 
were added between 1972 and 
1986. The 16 volumes contain 


almost 306,000 main entries and 156,000 subentries. 

In 1984, the Oxford University Press (OUP), publisher of the 
OED, made the decision to computerize the dictionary. Its rea¬ 
soning was threefold. First, there was the obvious need to inte¬ 
grate the 12 original volumes with the four of the Supplement, 
Second, computerization would allow for efficient and consis¬ 
tent updating of the dictionary in preparation for the release of 
future editions. Third, OUP also foresaw markets for electron¬ 
ic versions of the dictionary. 

The computerization had three stages. First, the entire text of 

all 16 volumes was trans¬ 
ferred to electronic form by 
International Computaprint 
in Fort Washington, Pennsyl¬ 
vania; this took more than a 
year. Then the Centre for the 
New Oxford English Dictio¬ 
nary at the University of Wa¬ 
terloo in Ontario, Canada, 
transformed the data into a 
structured database format 
and created a set of software 
tools to manipulate the data¬ 
base. The final phase was 
integrating the O^ with the 
Supplement, a joint effort be¬ 
tween OUP and IBM in the 
U.K. 

The integration was fin¬ 
ished in late 1988, and a re¬ 
vised edition of the OED was 
launched in March of this 
year. The final result is offi¬ 
cially known as the second 
edition of the Ojrford English 
Dictionary, a 20-volume set 
continued 
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ELECTRONIC OXFORD 


BYTE in the Oxford English Dictionary 


D ictionary browsing gains a whole 
new meaning when applied to the 
on-iine version of the Oj^ord English 
Dictionary, Since Pal, the software that 
was used to search the dictionary, can 
search text and tags, pulling a Ikt of 
quotations attributed to a specific per¬ 
son or publication is a matter of a line or 


two of queries and less than a second of 
search time. 

Frank Tompa (one of the directors of 
the Centre for the New Oxford English 
Dictionary) and I decided to search for 
all the entries in the second edition of 
the OED that included quotations from 
BEYTE. There are 19 such entries: ALU, 


assembly, backslash, blind, boot, bulle¬ 
tin, CD-ROM, clone, ego, emulator, 
enable, hacker, lap, log, personal, 
transportable, user, warm, and, fi¬ 
nally, WYSIWYG (see the figure). 

Some of these entries are more obvi¬ 
ous than others. The entry for blind is in 
an interview article with Dr. James H. 
Wilkinson, on the building of a com¬ 
puter designed by Alan Turing (Febru¬ 
ary 1985 BYTE, page 190), The phrase 
that the word is used in is a colloquial¬ 
ism: '*You can swear blind,. .T’ In a 
programming maintenance article, 
there is a reference to *'egoless pro¬ 
gramming” (May 1984, page 420). En¬ 
able is used simply to demonstrate the 
phrase “enable the 80-column screen” 
(July 1986, page 270), and the entry for 
user is a reference in an article on the 
Lisa computer system to demonstrate 
the compound word “user interface" 
(February 1983, page 36). 

As might be expected, BYTE is cred¬ 
ited in several cases with having the 
first known published use of a word or 
phrase. A caption of a listing in an arti¬ 
cle discussing structured programming 
in BASIC uses the word backslash . ** Ar¬ 
guments enclosed in backslashes refer 
to disk-file operations" (January 1982, 
page 413). In addition, OED credits 
BYTE with the first use of WYSIWYG-- 
for “what you see is what you get” 
(April 1982, page 264). BYTE is also 
referenced as the first user of the word 
personal in the sense of "personal com¬ 
puter" (May 1976, page 90), 


R] Wysiwyg ■ 


Wysiwyg (wiziwig). Also WYSIWYG, [Acronym 
(seequots. 1984),] (Seequots.) 

1982 Byte Apr. 264/2 'What you see is what you get’ (or 
WYSIWYG) refers to the situation in whidt the display 
screen portrays an accurate rendition of the printed page. 1982 
Econjomist 1 May 8 If he wishes to converse with computer 
buffs, he will have to cope wth neologisms such as 
‘Wysiwyg' (what you see is what you get), pronounced 
‘whiaziwig'. 1984^^?^^ Amer. Sept. 54/3 Perhaps the most 
important principle is WYSIWYG ('What you see is what you 
get'): the image on the screen is always a faithful 
representation of the user's iUusiom 1984 WYSIWYGSbi 
Amer. 135/1 The resulting interface between the computer 
and the user would then fall into the dass of interfaces known 
as WYSIWYG, which stands for ‘What you s ee is what you 
get’. 


Generated by Lector, the University of Waterloo V display program using X 
Window^ this reference to WYSIWYG is a sample of the dictionary entries 
produced in the traditional OED format. 


that includes the data of the original 16 volumes and about 5000 
new or revised entries. 

The Centre for the New OED 

The computerization of the OED involved more than converting 
the text into machine-readable form. The dictionary data bad to 
be structured and stored in a database format suitable for the 
various tasks to be performed, including data integration, con¬ 
sistency checking, entry updating, and general searching. 
OUP relied heavily on the University of Waterloo for both the 
technical and theoretical support in this phase of the project. 
The Centre for the New Oxford English Dictionary was es¬ 
tablished in 1985 and is jointly headed by Dr. Frank Tompa and 
Dr. Gaston Gonnet. They and the other researchers at the Cen¬ 
tre developed the theoretical framework for the computerized 
OED, including several new methods for modeling and search¬ 
ing text data. These theories were then used to create the vari¬ 
ous software tools needed for the project. 

The Centre has taken care to ensure that the software and 
theories developed for the project are not OED-specific but can 
be applied to a wide variety of text-dominated databases. (The 


university owns all rights to the software developed by the Cen¬ 
tre; OUP owns the rights to the OED data.) Software is written 
portably in C, using the X Window System whenever complex 
display capabilities are needed. The Centre also supports and 
encourages interdisciplinary research related to the OED and 
text-dominated databases within the academic community. 

Searching the Dictionary 

The OED contains close to 540 megabytes of text and tagging 
information. Tags describe the structure of the dictionary—en¬ 
tries, subentries, etymologies, quotations, and so on—and are 
patterned after the International Standards Organization's 
Standard Generalized Markup Language (SGML) tagging 
style. The tags can be treated as text in certain contexts. 

The Centre for the new Oxford English Dictionary developed 
several software tools to manipulate and search this data. The 
primary search tool is known as Pat, so named because it uses 
Patricia trees. Pat searches a prebuilt index implemented using 
Patricia trees and is considered by the Centre's researchers to 
be one of the fastest search engines available. A price is paid for 

continued 
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ADVERTISEMENT 


ADVERTISEMENT 


New Dauphin LapPR0-386SX 
Packs a Powerful Punch for the Price 


Dauphin Technology, an aggressive 
new Midwest-based laptop manufac¬ 
turer, has come up with a high- 
performance 386SX-based laptop that 
offers 386 power at a 286 price. The 
price alone will turn a lot of heads. But 
a closer look at the machine itself 
reveals first-rate engineering, excep¬ 
tional performance, and loads of stan¬ 
dard features that would cost extra on 
most computers. 

With a list price of $4,995 and an 
introductory price of only S3,695, Dau¬ 
phin Technology has strategically posi¬ 
tioned itself to compete head on with 
rival 286 models in the same price 
range. Since 386SX technology pro¬ 
vides both present and future applica¬ 
tions, the choice between a 286 and a 
386SX of comparable cost will be an 
obvious one for many. Users opting for 
the LapPRO-386SX will have a laptop 
with more power, speed, memory and 
versatility along with the technology to 
serve them through the next decade 
and beyond. 

Among its many prominent features 
is a 40 M-byte, 28 millisecond hard 
drive and 2 M-bytes RAM. Its ability to 
facilitate BOS, multitasking and mul¬ 
tiuser functions, plus all the new 32-bit 
80386 software makes it a necessity for 
anyone who requires the power of a 
high-end desktop model while away 
from the office. 

Last Fall, Dauphin introduced its 
first laptop model based on an 80286 
microprocessor. Though a late-comer to 
the market, the LapPRO-286 earned 
considerable praise for combining the 
most advanced features with quality 
engineering and price performance. 

Both models from Dauphin Tech 
offer a 40 M-byte, 28 millisecond hard 
drive, a 3.5 floppy drive, two serial 
ports, one parallel port , a high contrast 
blue on white CGA/EGA LCD, an inter¬ 
nal power supply offering four power 
options including battery pack, and a 
dedicated numeric keypad. Options 
include a 2400 or 4800 BAUD internal 
modem, math co-processor, 100 M-byte 
hard disk drive, and external floppy 
drive and keyboard ports. 

The LapPRO-386SX sports a proces¬ 
sor speed of 16 and 8 Mhz with zero 
wait states. It offers 2 M-bytes of Ram 
on board expandable to 4 M-bytes. Its 



Dauphin Technology has 
priced Its 80386SX lap¬ 
top to compete head-on 
with rival 286-based 
models. 

Features include: 

• 80386SX Processor, 8 & 16 
Mhz, Zero Wait States 

• Multitasking Capabilities 

• Multiuser Access 

• 32-bit Software Compatibility 

• 40 M-byte, 28 Millisecond 
Hard Drive 

•3.5" Floppy Drive 

• 2 M-bytes RAM, Expandable 
to 4 M-bytes 

• Internal Modem Option 


external monitor port supports CGA, 
EGA and VGA. 

The LapPRO-286 provides 1 M-byte 
RAM which is expandable to 4 M-bytes 
and an 80286 processor running at 8 or 
12 Mhz with zero wait states. 

Both models offer the highly 
acclaimed Digital Research Operating 
System (a.k.a. DR DOS) which is simi¬ 
lar to and compatible with MS DOS. 
The more distinguishing advantages of 
DR DOS include on-hne help, system 
utilities such as file retrieval, special 
security features and an ability to 
embed software in ROM. Alphaworks 
integrated software and LapLink file 
transfer software are also included 
with each laptop. 
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Judging by its first two laptop offer¬ 
ings, Dauphin Technology could very 
well be on its way to becoming a major 
player in the hardware arena. Though 
Dauphin Technology is relatively new 
to the computer industry, Alan Yong, 
founder, is not. In 1981, Yong incorpo¬ 
rated Manufacturing and Maintenance 
Systems which is now recognized as 
the leading manufacturer and distribu¬ 
tor of industrial alignment systems 
worldwide. The MMS REACT Align¬ 
ment Systems, used to align rotating 
equipment in manufacturing plants, 
employ a proprietary portable com¬ 
puter and software for alignment cal¬ 
culations and maintenance records. 

Given Yong’s prior experience in 
portable computer development, the 
shift toward developing laptops 
seemed like a natural move. Yong is 
determined to build another successful 
company and his determination shows 
in the design configurations of these 
first offerings, a promising start. 

Distribution channels for Dauphin 
Tech products are indeed far reaching 
and ambitious and include dealers, 
V\Rs, OEMs (for private label distribu¬ 
tion), along with corporate, educa¬ 
tional and government sales. The 
private label arrangement offered by 
Dauphin represents an ideal opportu¬ 
nity for OEMs to get into the fast- 
moving laptop market quickly. And the 
discounts on corporate quantity pur¬ 
chases are so generous that corporate 
managers of information systems will 
undoubtedly regard Dauphin as a seri¬ 
ous contender for their business. 

In keeping with its aggressive sales 
approach, Dauphin Technology is cur¬ 
rently offering an unbeatable intro¬ 
ductory price on both models. End- 
users would be well advised to invest 
in a high-performance laptop from 
Dauphin Tech now. 

For more information on Dauphin 
Tech's laptop line, contact Dauphin 
Technology in Lombard, Illinois at 
312-627-4004. And in the meantime, 
watch for more surprises from this up- 
and-coming manufacturer. 

MS DOS is a trademark of Midrosoft Carp. 

DR DOS \5 a trademark of Digital Research Inc. 

LapLink is a trademark of Travelling Software Inc, 
AlphaVi^rks \b a trademark of Alpha Software Inc. 

LapPRO is a trademark of Dauphin Technology [nc. 

MMS and REACT are trademarks of Manufacturing and 
Maintenance Systems Inc. 
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vettient and eontprehensive 
set of toots avaihbte. 
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FFTs (1-D» 2-D, complex, real, convolution,.,.); sp^tral an^lysifi routines 
(windows: Paraen, Hamming, routines for non-lUiear equations, 
numerical integration & solution of differential equations; missing func- 
tiom for Modula*2 & Pascal (tan, loglO, aJoglO, power, sinb, A more. 

Widely used in signal A image processing, simulation, spectral analysis, etc. 

Users like MATHPAK 8? di take the 
time to tell usl 

$12$US Available for Turbo Pascal, 
Fortran (MS, IBM Professional or F77L), 
C (MS, Turbo or Lattice), and Modula-2 
(Lodtech or ITC). 

Ada 169us for complete source code. 
Add S5 for shipping. Specify compiler. 


Order Today! 
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THE PS/2 MODEL SB 
FEATURES IJHCLLDE: 

■ 1MB RanJom-aeeeaft Memory 
on the System Board 

■ iOl Key Enhanced 
IBM Keylward 

■ OiieS,5** L44MB 
Half Height Hoppv 

■ One 2DMB, 80MS fixed 
di§k drive 

■ Microprocc§sor—Intel B02S6 
(10.0 MHift) MicroChannel 

■ 90 Day Back*to«Depot 
W'arranty 

FREE 

BiLAND hfEW AMDEK MODEL 432 

VGA MONOCHROME MONITOR 

PS/2 SYSTEM AND MONITOR: 

ORIGINALLY MADE TO SELL FOR 

S3840,00 

FAX YOUR ORDERS 24. 

HOURS A DAY. (716) 272-8624 



THE ALTERNATIVE SOUFiCE ROfl THE FUTURE 



EXSEL LOW PRICE: 

$ 1888.00 

TO ORDES BY CREDIT CARD, CML 
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l-(800)-624-2001 
m NY: 716-272-8770 


this speed, however: The OED index takes up 300 megabytes. 

More extensive queries are supported using the Goedel lan¬ 
guage. GoedeL named for the mathematician Kurt Goedei, can 
also transform the text in a database, a capability that OUP is 
using to help prepare a version of the New Shorter Oj^ord En¬ 
glish Dictionary from the computerized OED, 

The Centie*s programmers have written auxiliary tools to 
complement Pat and Goedel. One of these is Lector, a graphics 



are under way to release 
the second edition of the OED 
in electronic format. 


program currently produced in-house by the University. Lector 
displays dictionary entries on-screen using X Window in the 
traditional OED format. The result is a surprisingly simple and 
responsive system for accessing the dictionary and other large 
text-dominated databases. 

Microcomputer Applications 

Plans are under way to release the second edition of the OED in 
electronic format (on media such as CD-ROM) to the general 
public sometime in the early 1990s. A version of the original 
OED came out on CD-ROM in 19SS. This version is separate 
from the work done at the Centre and by OUP/IBM, and its 
indexing capability is much more limited. 

A drawback of current optical and magneto-optical technol¬ 
ogies is their slow access times in comparison with magnetic 
media, a significant factor for a database as large as the OED. 

Is there a market for an electronic OED? The OED is un¬ 
likely to ever find use as a general-purpose electronic dictio¬ 
nary because of its size and structure. As Tompa puts it, “The 
OED style of definition would look peculiar in a desktop dictio¬ 
nary." In particular, the OED would be unsuitable for use as a 
spelling checker; the dictionary is so complete that many com¬ 
mon misspellings of current English words are also valid en¬ 
tries, The primary market for the dictionary is likely among 
researchers in the humanities and the social sciences. 

Future Issues 

Work on the OED is far from finished. Still to be accomplished 
is the computerization of the diction ary-making process it¬ 
self—virtually unchanged since the turn of the century—and a 
major revision of the OED’s style and content. A third edition 
of the dictionary is expected sometime after the year 2000. 

As interest in text-dominated databases grows with the in¬ 
creasing availability of low-cost, high-density mass storage de¬ 
vices, research performed at the University of Waterloo will 
find other uses as well. Much of the way is already being paved 
by the NeXT computer and other low-cost workstations. ■ 


Eric Giguere is a computer science student at the University of 
Waterloo in Ontario, Canada. He is a freelance writer special¬ 
izing in the Amiga domain. He can be reached on BIX as 
**giguer€. ” 
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Innovation comes in all shapes and 
sizes. At Xircom we believe It should lit 
in your pocket. Our Pocket LAN Adapters 
are revolutionary products developed 
for PC users who want the most conve¬ 
nient access to Token Ring, Ethernet or 
Arcnel networks. 

What makes the Pocket LAN Adapters 
revolutionary? They reguife no internal 
slots, connecting through the parallel 
port of any IBM-compatible PC. All come 
supplied with certified drivers for a 
trouble-free solution that will have you 
connected in le^ time than it takes you 
to read this ad! 

The Xircom approach has left the press 
full of praise: “The image of perfection- 
the way computers should be,”, wrote 
Steve Gibson in InfoWorld; "Incredibly 
easy to use...easy to install, easy to 
carry... a very clever device,” according 
to Aaron Brenner at LAN Magazine. 

You may think that all this "perfection” 
and convenience comes with a hefty 
price lag. It doesn’t-in fact the Xircom 
family ol LAN adapters costs about the 
same as the more traditional methods 
which it is quickly rendering obsolete^ 

ft’s living proof that with innovation on 
your side or in your parallel port, a liltle 
can take you a very long way. . 

Calf Xircom today at (818)884-8'f55. 
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Protected 

Mode 


More memory and safe 
multitasking—we 
have seen the future of 
Intel microprocessors, 
and it is protected 


A S the IBM PC architecture 
reaches the end of its first de¬ 
cade, more and more software 
products—operating systems 
and application programs alike—are be¬ 
ing rewritten to run in protected virtual 
address mode (from here on, Fll call it 
protected mode), an enhanced operating 
mode available on the S0286, 80386, and 
80486 microprocessors. 

Most users want to be able to use pro¬ 
tected mode for one reason: greater ad¬ 
dress reach. The older members of the 
Intel line—the 8088, 8086, 80188, and 
80186—are limited to 1 megabyte of ad¬ 
dress space. (Actually, a hardware devel’ 
oper could decode the status lines on the 
chips to provide 1 megabyte each of code 
and data, but the PC BIOS and DOS, 
which intersperse the two, would not run 
in this configuration.) 

In contrast, the 80286 can access 16 
megabytes, and the 80386 and 80486 
microprocessors have a potential 4-giga¬ 
byte address space—but only in pro¬ 
tected mode. When running in real ad¬ 
dress mode (often called real mode), the 
mode most commonly used to run DOS, 
these microprocessors limit themselves 
to the same 1-megabyte address space as 
their forebears. 

It is, perhaps, a sign of progress that 
microcomputer users, once happy with 
the 64K“byte address space of CP/M, 
now find it necessary to surmount the 1- 
megabyte address limit of the 8088 and 
its kin. One method of doing this, the 
Expanded Memory Specification, will 
work with even the oldest chips, but it re¬ 


quires cumbersome bank switching. 
DOS extenders, available only for 80286 
and higher machines, let programs ac¬ 
cess extended memory in protected mode 
but switch back into real mode when ac¬ 
cessing DOS or the BIOS. And operating 
systems that operate in protected mode 
(e.g., Unix and OS/2) are gaining popu¬ 
larity because they can easily accommo¬ 
date larger programs. 

There is, however, much more to pro¬ 
tected mode than extended addressing. 
This mode also offers many other power¬ 
ful features, including multitasking sup¬ 
port, virtual memory, protection of key 
system resources, and software fault tol¬ 
erance. This month, Til look under the 
hood of Inters protected mode and sur¬ 
vey what it has to offer. 

Interim Microprocessor 

ril start with a bit of history. When Intel 
first introduced the 8086, it was known 
internally as the "interim microproces¬ 
sor**—the CPU to which 8080,8085, and 
Z80 users could upgrade until the iAPX 
432 32-bit microprocessor was ready to 
ship. Thus, a primary 8086 design con¬ 
sideration-one that probably led to 
much of its success—was that programs 
written for the older 8-bit microproces¬ 
sors be easy to port to the 8086. The de¬ 
signers saw to it that there were direct 
and simple mappings between the old and 
new register sets, as well as the old and 
new instruction sets. In fact, they did so 
well that it was possible to mechcmically 
translate 8080 applications into applica¬ 
tions for the new microprocessor. 

The largest registers (or register pairs) 
that could be manipulated as a unit on the 
older architectures were 16 bits wide. 
Now, while the 8086 had 20 address bits, 
ported code might have had to be exten¬ 
sively rewritten if address calculations 
had to be done in a larger register. This is 
one of the reasons why Intel chose to di¬ 
vide the address into two parts: a 16-bit 
segment selector and a 16-bit effective 
address offset (or logical address). 


The 8086 had four segment registers, 
which were used to map the 16-bit ad¬ 
dresses used by a program’s stack, code, 
and data into four potentially disjoint re¬ 
gions of the i-megabyte address space. 
Figure 1 shows how the 20-bit address 
that appears on the address bus is calcu¬ 
lated: The segment selector from a seg¬ 
ment register is shifted 4 bits to the left 
and added to the logical address to yield 
the 20-bit physical address. 

While this architecture doesn’t make 
it easy to manipulate data structures that 
are larger than 64K bytes, few people 
had even that much RAM in their sys¬ 
tems at the time. It was easy for many 
programs (and virtually all applications 
ported from CP/M) to set the segment 
registers once at the beginning of execu¬ 
tion and forget about them. (It might be 
said that the contents of the segment reg¬ 
isters provided “defaults** for the upper 
bits of every address.) 

From then on, the program dealt for 
the most part—or entirely—with 16-bit 
effective address offsets, half the size of 
the addresses manipulated by micropro¬ 
cessors like the 68000. The instruction 
set was also more compact and didn’t re¬ 
quire instructions or data to be aligned 
on word boundaries. As a result, code 
and immediate data took up about 30 
percent less space. In those days, RAM 
was expensive, a good reason for IBM to 
choose the Intel architecture over Motor¬ 
ola’s for the IBM PC. 

The 80286: 

First Try at Protected Mode 
Unfortunately, the iAPX 432—a two- 
chip, 32-bit Intel microprocessor de¬ 
signed for multiprocessing, multitask¬ 
ing, object-oriented programming, and 
hardware and software fault tolerance— 
did not succeed in the marketplace. This 
may have been because it was too far 
ahead of its time, or because it was de¬ 
signed to run Ada (which didn’t achieve 
the market penetration Intel thought it 

continued 
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SEGMENTS 
IN REAL MODE 

Memory 



Code 


Stack 

Data 


Extra 


Code 

Stack 

Data 

Extra 

Implicit or explicit selection 


16 bits 


Segment j Q ] 0 | 0 0 

+ 



16 bits 


120-bit physical address] 


Figure 1: In real mode, the values 
of segment selectors have numerical 
significmce. They correspond to the 
base addresses of regions of memory. 
The base address is added to the offset 
to create a physical address. 


would). Or perhaps the chips were sim¬ 
ply too expensive. 

But the IBM PC and the 8088 did suc¬ 
ceed—and users clamored for more mem¬ 
ory and more processing power to run 
their existing software* With the 80286, 
Intel gave them all this and more. As the 
remainder of this article will show, the 
80286 included many features originally 
implemented in the iAPX 432* 

Two features are essential to any sys¬ 
tem that provides reasonable protection 
against errant programs and malicious 
users: task isolation and system resource 
protection. The system needs to prevent 
tasks from mucking about with one an¬ 
other's memory or hogging the system. 
System resources (e.g., hardware and 
file system) need to remain under the ex¬ 
clusive control of the operating-system 
software* Since most resources are ac¬ 
cessible through either memory or I/O 
addresses, the system must maintain con¬ 
trol over the way a task accesses them. 

Virtual Addressing 

The 80286 and its related family of mi¬ 
croprocessors come up from a reset con¬ 
dition in real mode. (An exception is the 
80376, a protected-mode-only version of 
the 80386 marketed specifically for em¬ 
bedded systems.) An initialization rou¬ 
tine, which executes in real mode, sets 
up descriptor tables, which govern how 
memory is addressed, and then switches 
the CPU to protected mode by setting a 
bit in a control register. (Intel made this 
transition nearly irreversible on the 
80286. The 80386, however, can be 
brought back to real mode by resetting 



Figure 2: In protected mode, a segment selector specifies an entry in a descriptor 
table , which in turn gives the base address of the segment. It also contains the size 
of the segment (rwt shown). 


the same bit. This lets OS/2's DOS-mode 
session switch modes without literally 
shutting down the microprocessor.) 

In protected mode, there's no longer a 
simple arithmetic relationship between a 
segment selector, the offset, and the 
physical address they refer to. Instead, 
the microprocessor interposes a special 
mapping operation between a virtual ad¬ 
dress (the protected-mode segment selec¬ 
tor and the offset taken together) and the 
physical address, as shown in figure 2. 

In protected mode, a segment selector 
is not an addend for an address; instead, 
it’s a ""magic cookie,” or handle. The se¬ 
lector refers to a segment descriptor —a 
record in memory containing informa¬ 
tion about the segment, including the 
segment's base address, at which the seg¬ 
ment starts. The effective address offset 
is added to the base address to produce a 
physical address* (The selector pointer 
for all 80x86 chips is 16 bits wide. The 
offset pointer for the 80286 is 16 bits 
wide. However, the offset pointer for the 
80386 and 80486 is a full 32 bits wide.) 

Local and Global 
Address Space 

Each task that runs in a protected-mode 
system can access segments within a vir¬ 
tual address space that consists of two 
smaller spaces: its local address space 
and a global address space (see figure 
3). Code and data objects needed by 
every task in the system are placed in the 
global address space, while objects used 
by a single task go in the local address 
space. Since a task can't access memory 
for which it doesn't have a selector, the 
local address spaces are guaranteed to be 
private unless a segment is intentionally 
mapped into two or more of them. 

Figure 4 shows the format of a pro¬ 
tected-mode selector and the way it’s 
used to find the descriptor of a segment 
in memory. The upper 13 bits of the se¬ 
lector give the location of the descriptor 
in an array of descriptors called a de¬ 
scriptor table, (A descriptor is 8 bytes 
long, so masking out the lowest 3 bits of 
the selector conveniently forms the byte 
offset of the descriptor in the table. ) 

The lowest 3 bits of the selector are 
control bits. Bit 2, called the table indica¬ 
tor (Tl), picks one of two possible de¬ 
scriptor tables: the global descriptor 
table, which holds descriptors for seg¬ 
ments in the global address space, or the 
task’s local descriptor table, which does 
the same for the local address space. 

The remaining bits—1 and 0—are the 
requested-prlvUege-level (RPL) field. 
These bits describe the privilege level a 
task wishes to be granted when accessing 


378 BYTE* DECEMBER 1989 















































































HANDS ON 
UNDER THE HOOD 


the segment. (Til have more to say about 
RPLs later, when I discuss protection 
and privilege levels.) 

Worry-Free Memory Management 
Segment selectors and descriptor tables 
take much of the worry out of memory 
management. Those of you who program 
the Macintosh are doubtless familiar 
with the concept of a heap “handle**—a 
pointer that must be doubly dereferenced 
to get at a block of memory allocated on 
the Mac heap. Because the Mac Memory 
Manager perforins frequent compaction 
operations, a serious system error can re¬ 
sult when a Mac programmer derefer¬ 
ences a handle but forgets to “lock” it. 

Protected-mode programming on the 
Intel microprocessors doesn’t open itself 
to this sort of error. Because a segment 
selector is, in essence, a handle that ap¬ 
pears to be doubly dereferenced during 
each memory access, segments can be 
moved about in physical memory invisi¬ 
bly. And since a segment’s descriptor is 
automatically cached within the micro¬ 
processor when its selector is placed in a 
segment register, two address registers 
are not needed to access the potentially 
mobile segment. Loading one 16-bit se¬ 
lector does it all. 

A protected-mode segment not only 
can be moved from place to place within 
physical RAM, it also can be swapped 
out of RAM entirely. The segment selec¬ 
tor/descriptor mechanism lets the 80286 
and its kin provide virtual memory with¬ 
out a separate memory management unit. 
Each segment descriptor contains a bit 
that indicates whether or not the segment 
is physically present in RAM, and the 
microprocessor generates an exception if 
an application attempts to access a seg¬ 
ment that’s been purged or swapped out. 
Thus, while owners of all but the most 
recent Macs are limited to the RAM they 
have in their machines (the Mac 11 pro¬ 
vided a socket for an optional, expensive 
MMU, and the newer 68030 machines 
have the MMU built in), owners of 80286 
machines manufactured as early as 1984 
can overcommit storage when running 
operating systems like Unix and OS/2, 

Finally, while it’s possible to run off 
the end of a block of memory allocated 
on the Mac heap, it*s not possible to ac¬ 
cess memory beyond either end of a pro- 
tected-mode segment. Each segment de¬ 
scriptor has a “limit” field that gives the 
exact size of that segment (up to 64K 
bytes on the 80286, and up to a gigabyte 
on later microprocessors). An access out¬ 
side the allowed space causes a general 
protection faulty the operating system 

continued 


VIRTUAL ADDRESS SPACES AND TASK ISOLATION 



Figure 3: In protected mode, each task can access a virtual address space consisting 
of its local aMress space and the system "s global address space. In this figure, the 
local address spaces are disjoint. However, it *s possible for local address spaces to 
share segments if two local segment descriptors map to the same physical address. 
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Figure 4: A protected-mode segment selector has three fields: the index field, which 
gives the index of the segment *s descriptor in the local or global descriptor table; a 
table-indicator (TI) bit, which tells whether the selector refers to the local or global 
descriptor table; and the requested-privilege-level (RPL) field, which lets the task 
restrict its awn privilege when accessing the segment. 
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gets control and can disable the misbe¬ 
having task before it destroys memory. 

In some situations, overrunning the 
end of a segment might not be considered 
a fatal error- For instance, suppose a task 
was allocated a 16K-byte stack but hap¬ 
pened to need more. If the stack segment 
is marked as an expand-down segment, 
the operating system can handle an over¬ 
flow by making the stack larger and then 
continue the program, (Unfortunately, a 
mask error prevented this feature from 
working on the earliest 80286s, so many 
operating systems, like OS/2, don’t take 
advantage of it.) 

Protection: The Onion Model 
The hierarchy of privileges and protec¬ 
tion in the Intel microprocessors follows 
the ring^ or onion, model shown in figure 
5. There are four possible privilege 
levels—numbered from 0 to 3, where 
level 0 is the most privileged. Every task 
in the system has a current privilege 
levelt which is used to determine whether 


it can do I/O, execute privileged instruc¬ 
tions (those that do things like halt the 
CPU), ajid/or access segments. Each 
segment selector also has an RPL field, 
which a task changes if it wants to have 
less privilege than its CPL would nor¬ 
mally allow when accessing the segment. 
The effective privilege level (EPL) is less 
privileged than the RPL and CPL, and it 
determines whether a task can access a 
segment with a given selector. 

Why would a task ever want to give it¬ 
self less privilege than it might otherwise 
have when accessing a segment? The 
answer has to do with something called 
the Trojan-horse problem. Suppose that a 
protected-mode operating system has a 
function called DosRead, which reads in¬ 
formation from an open file (OS/2 actu¬ 
ally has such a function). The C header 
of this function happens to look like this : 

unsigned int pascal far DosRead 
(unsigned short FlleHandle, 

void far ^PtrBuffer ^ 


unsigned int BufferLength, 

unsigned int far ^tPtrBytesRead); 

You don’t have to be fluent in C for the 
purposes of this example; the important 
thing is that, among the arguments, 
there’s a pointer called PtrBuffer (de¬ 
clared as void far ^tPtrBuffer), The 
word void indicates that the pointer is 
typeless (i.e., it can point to an object of 
any type), and the word far indicates 
that the pointer consists of both a seg¬ 
ment selector and an offset. PtrBuffer 
gives the address of the location that’s 
going to receive the data from the read 
operation. 

Now, suppose an application called 
the function with PtrBuffer pointing to 
a segment that the application wasn’t al¬ 
lowed to access (because it didn’t have 
sufficient privilege). The operating sys¬ 
tem, which presumably would run at a 
higher privilege level, would have access 
to that segment—so the application 
could, in theory, cause the operating sys¬ 
tem to read arbitrary data into that place 
in memory! 

To prevent this from happening, the 
operating system adjusts the RPL field 
within the selector part of PtrBuffer so 
that it has no more privilege than the ap¬ 
plication when accessing the segment. 
Then, if the pointer turns out to be a Tro¬ 
jan horse, the privilege violation will be 
caught by the usual protection mecha¬ 
nisms. 

All the information about what can be 
done with a segment—and by whom—is 
contained in the segment descriptor. 
Every segment’s descriptor has an access 
rights byte, which in turn contains a 2-bit 
descriptor-privilegedevel field. The EPL 
of the task must give it the same or a 
higher privilege than the DPL for an ac¬ 
cess to be allowed. The access rights byte 
also contains other information about 
what can be done with the segment— 
whether it can be read or written, for in¬ 
stance, and whether it contains code, 
data, or a task’s stack. 

Enter Through Gate 5 

A task that’s running an application pro¬ 
gram will probably stay at privilege level 
3 (PL 3) most of die time, which means 
that it cannot access vital system re¬ 
sources. However, a task can jump to a 
more-trusted (numerically lower) privi¬ 
lege level when it makes an operating- 
system call via a construct called a gate. 

Gates isolate less-trusted code—like a 
user’s program, which may be uninten¬ 
tionally (or even intentionally) destruc¬ 
tive—from the more-trusted system code 
that manages system resources. Suppose 



Figure 5: The four-level hierarchical privilege system used by Intel processors in 
protected mode is sometimes called the onion model because of the concentric rings. 
Data stored in a segment with a specific privilege level can be accessed only by a task 
with the same or a higher privilege, while routines in code segments can be called 
only by routines with the same or a lower privilege. Thus, only trusted routines can 
access important data, and less-trusted code can call more-trusted code to perform 
sensitive opemtions for iL 
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a task on PL 3 wants to call a routine in 
the operating-system kernel, which is 
running at PL 0. To do this, it makes a 
call to any address in a segment whose 
entry in the descriptor table contains a 
special descriptor known as a call gate 
(see figure 6). This record, in turn, fur¬ 
nishes the CPU with necessary informa¬ 
tion about the routine, including its ad¬ 
dress (the application knows only the 
segment selector) and how many bytes of 
stack space the parameters take. 

You may ask why the gate provides this 
information rather than the caller. The 
answer is that the caller can’t be trusted 
not to jump to an erroneous address in 
the middle of a routine, or even inside an 
instruction. (This could occur by acci¬ 
dent by a buggy program or on purpose 
by a program with malicious intent.) 
There’s also another reason. Because the 
operating system can modify the de¬ 
scriptor at run time, it’s possible to do 
dynamic binding (i.e., decide on the fly 
which routine the call goes to) without 
modifying the object code of the applica¬ 
tion. This is how OS/2’s dynamic link li¬ 
braries work. 

The microprocessor’s microcode 
quickly transfers the parameters from 
the caller’s stack to a different stack at 
the more privileged level (thereby pro¬ 
tecting against stack corruption and 
overflow) and calls the routine at the ad¬ 
dress in the descriptor. 

As well as call gates, three other kinds 
of gates are found in a protected-mode 
system: trap gates, interrupt gates, and 
task gates. 

Trap gates and interrupt gates are sim¬ 
ilar in that they can appear only in a de¬ 
scriptor table called the interrupt de¬ 
scriptor table (IDT). They’re analogous 
to the entries in an interrupt vector table 
in real mode (or on other microproces¬ 
sors) in that they specify the location of 
the routine that services a hardware or 
software interrupt, but they contain more 
information. Since interrupt service rou¬ 
tines often need access to the hardware 
and to privileged instructions, these 
gates—like call gates—allow an auto¬ 
matic change of stacks and privilege 
levels during interrupt service. 

It’s sometimes useful for tasks to 
share a subroutine that doesn’t need any 
privileges that the caller doesn’t already 
have. In this case, a call gate might be a 
wasteful way to access the subroutine, 
since there’s no need to swap stacks or 
check privilege levels. Conforming code 
segments provide a way to do this. When 
an application calls a routine in a con¬ 
forming code segment, the CPL doesn’t 

continued 
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Figure 6: A gate controls access to system subprograms by making sure they *re 
entered at the proper point. It also stores protection information and records how the 
parameters are going to be handled (a transition to a more privileged level will cause 
a stack switch). 
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change; the code executes as if it were 
part of the application. 

Tasks and Task Gates 
Protected mode provides explicit support 
in microcode for multitasking and task 
switching. Every task on a protected- 
mode system—or at least one imple* 
mented according to InteTs original de¬ 
sign—is associated with a task state 
segment (TSS), a large data structure 
containing the entire state of the machine 


when it last ran a particular task. (It's ac¬ 
cessed as a segment, with a selector, so 
all the protection mechanisms Fve men¬ 
tioned so far apply to it.) When a task 
loses control of the CPU, this segment is 
stuffed with the contents of all the visible 
and hidden registers necessary to pre¬ 
serve the task's context. 

Alas, that's a lot of information. A 
TSS is always at least 42 bytes long, and a 
full task switch requires the processor to 
save at least 28 bytes of status and fetch 
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several more than that to resume the next 
task. This process is slow, even under the 
control of microcode. For this reason, 
OS/2 and even InteTs own iRMX operat¬ 
ing system don’t use TSSes for most of 
their task switching; instead, they opti¬ 
mize the process by saving and restoring 
only what’s needed. (A few tricks, in¬ 
cluding the use of an undocumented in¬ 
struction called LOADALL, make this 
technique very efficient.) 

Systems that do use the 80286 tasking 
facilities change tasks by making a jump 
or call to a task gate, which contains a 
pointer to the TSS of the task to be in¬ 
voked (see the text box “A Glossary of 
Protected Mode”), A task gate can be 
used not only for time slicing but also for 
interrupt handling. If a task gate appears 
in the IDT, it causes the associated task 
to be activated to service the interrupt. 
When the task executes an IRET (inter¬ 
rupt return) instruction, control is re¬ 
turned to the task that was running before 
the interrupt occurred. 

Restricting I/O: 

The I/O Privilege Level 

Two bits in the flag word of the 80286 
control which tasks can and cannot do 
I/O. Since being able to perform I/O can 
let a program directly manipulate the 
hardware and potentially crash the ma¬ 
chine, it’s important that only trusted 
code be allowed to do so. 

The I/O privilege-level bits are there¬ 
fore used to specify the least-privileged 
level at which I/O can be performed— 
and also at which certain instructions 
(e.g., ones that enable and disable inter¬ 
rupts) can be executed. OS/2, for exam¬ 
ple, sets lOPL to 2, and it comes out of 
the box configured so that no application 
program can run at this level. However, 
because some applications (e.g., debug¬ 
gers) need to be able to execute these in¬ 
structions and do I/O, it's possible to 
configure OS/2 to allow it. 

When you specify ‘*IOPL=YES” in 
OS/2’s CONFIG.SYS file, an applica¬ 
tion can have a code segment called an 
lOPL segment that executes at PL 2. You 
should be aware, however, that this con¬ 
stitutes a serious breach of system secu¬ 
rity. A program that can do I/O can pro¬ 
gram the system's direct-memory-access 
controller and therefore alter any loca¬ 
tion in physical memory. 

Enter the 80386 

The 80286*s protection mechanisms are 
elegant, but the microprocessor itself can 
still do math only 16 bits at a time. And 
segments cannot be larger than 64K 

continued 
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call gate A descriptor that gives in¬ 
formation on the entry point and param¬ 
eters of a protecied-mode subprogram. 
It isolates the called routine (which may 
run at a higher privilege level than the 
caller) from the code that calls it and 
guarantees that only the correct entry 
point is used. 

conforming code segment A sub¬ 
program in a conforming code segment 
runs at the same privilege level as the 
task that calls it. A conforming code 
segment is also the only kind of code 
segment that can be read directly as 
data. Conforming code segments are 
useful for utility routines and for the 
storage of read-only static data. 

current privilege level (CPL) The 
privilege level of the code segment that a 
task is currently executing. 

descriptor privilege level (DPL) A 
field within a descriptor that determines 
the least privilege a task must have to ac¬ 
cess the associated segment. 

descriptor table An array of 8-byte 
records called descriptors» which in 
turn contain information about seg¬ 
ments (e.g., base address, size, and 
privilege). 

effective address offset The offset 
from the beginning of a segment where 
the desired data lies. In protected mode, 
only the offsets of variables bear a 
known numeric relationship to one an¬ 
other. The values of segment descrip¬ 
tors don’t correspond to the locations of 
segments in physical memory. 

effective privilege level (EPL) 

When accessing a particular segment, 
this is equal to the lesser of the task’s 
privilege and the requesled-privilege- 
level field of the segment selector. 

expand-down segment This can be 
used for a stack that may grow to a 
larger size than originally anticipated. 
Stacks grow downward on the Intel pro¬ 
cessors. If the stack pointer drops below 
the bottom of the space allocated for the 
segment, the processor generates an ex¬ 
ception. and the operating system can 
decrease the minimum allowable offset 
into the segment. (This feature did not 


work on some early 80286 chips; the 
contents of the CX register were lost 
when the exception was generated.) 

expand-up segment This works like 
an expand-down segment, but it can 
grow upward rather than downward 
(i.e., the maximum offset can be in¬ 
creased). While not useful for the pro¬ 
cessor stack, this kind of segment can 
be useful for high-level-language stacks 
that grow upward (as in BCPL. a pre¬ 
cursor to C) or when the total amount of 
data space that is used by a program is 
unknown. 

global descriptor table (GDT) This 
table stores the descriptors of segments 
that are potentially accessible by every 
task in the system (subject to privilege 
constraints). The GDT is a segment it¬ 
self. containing a self-referential seg¬ 
ment descriptor; it also contains de¬ 
scriptors for the local descriptor tables 
of all the tasks in the system. 

interrupt descriptor table (IDT) 
This table contains descriptors (i.e.. 
task gates, interrupt gates, and trap 
gates) for the routines that handle hard¬ 
ware interrupts, software interrupts, 
and exceptions. 

interrupt gate A special descriptor, 
found in the interrupt descriptor table, 
that gives information about an inter¬ 
rupt service routine. It’s identical to a 
trap gate, except that interrupts are dis¬ 
abled when the service routine is en¬ 
tered. 

local descriptor table (LDT) A 
task’s LDT contains descriptors for seg¬ 
ments accessible to that individual task 
(but not necessarily to any other task in 
the system). 

paged virtual memory This lets 
programs access more memory than is 
actually present on a given machine. 
Data is swapped to and from a disk in 
4K-byte pages as needed. Only the 
80386 and the 80486 implement paged 
virtual memory; the 80286 offers only 
segmented virtual memory, in which 
whole segments (as long as 64K bytes) 
are swapped. 


protected virtual address mode 
Also called protected mode, this is the 
mode of the Intel processors in which 
addresses are virtual (i.e., the numeri¬ 
cal value of a pointer’s segment selector 
doesn’t correspond to any fixed physi¬ 
cal address) and not all tasks can access 
all parts of memory. 

real address mode Also called real 
mode, this is the mode of the Intel pro¬ 
cessors in which there is no memory 
protection and there is a direct arith¬ 
metic relationship between segment se¬ 
lectors and physical addresses in mem¬ 
ory. The 8088 and 8086 are capable of 
only real-mode operation. 

requested privilege level (RPL) 
The RPL field of a segment selector lets 
a task lower its privilege when accessing 
a particular segment. This feature is 
used to prevent Trojan horses (see the 
text). 

segment descriptor A record that 
describes the location of a segment in 
physical memory, as well as its size and 
how it can be used. 

segment selector A “handle” that 
designates a particular segment. It con¬ 
tains an index into the local or global 
descriptor table of a task, as well as a re¬ 
quested privilege level. 

task gate This lets one task invoke an¬ 
other. A call to a task gate causes a com¬ 
plete processor context switch. 

task state segment (TSS) The pro¬ 
cessor stores information about a task 
here. When the task is not running, the 
TSS holds the complete processor con¬ 
text (e.g., the values of registers and the 
location of the task's local descriptor 
table) necessary to reactivate the task. 

virtual 8086 mode This mode lets 
the 80386 and 80486 run programs de¬ 
signed for real-mode operation when 
the processor is in protected mode. A 
real-mode program running in virtual 
8086 mode is given access to a limited 
address space that “appears” the same 
as the 8086's 1-megabyte address space; 
in fact, this space is mapped into the 4- 
gigabyte protected-mode address space 
by the paging unit. 
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bytes, which means that an application 
that uses much memory spends a great 
deal of time loading and reloading seg¬ 
ment registers. (Since loading a selector 
into a segment register also causes the 
descriptor to be fetched, this apparently 
simple register operation actually incurs 
substantial overhead,) 

The 80386 therefore added 32-bit gen¬ 
eral registers, 32-bit math, and segments 
with 32-bit offsets, while retaining the 
ability to run 80286 code. (Segment se¬ 
lectors in the 80386 and 80486 are still 
16 bits long, so pointers in 80386 pro¬ 
tected mode occupy 48 bits, or 6 bytes.) 
The 80386 also included several new ad¬ 
dressing modes. Some of these modes 
use a barrel shifter to facilitate array ac¬ 
cess; if the components of the array are 
2*' bytes long (where n is an integer), the 
subscript can be put directly into a regis¬ 
ter and will be shifted automatically be¬ 
fore being added to the starting address 
of the array. 

The 80386 also implements paged vir¬ 
tual memory. Unlike the 80286, which 
can swap only whole segments in and out 
of memory, the 80386 can swap chunks 
of memory in increments of 4K bytes. 
This finer granularity means that there's 
likely to be less of a wait during a swap; 
also, the operating system isn’t required 
to shuffle memory to free a contiguous 
block of memory for a large segment. 

Finally, the notion of I/O privilege 
was expanded in the 80386. Instead of 
making a blanket prohibition on I/O for 
tasks that execute without a sufficient 
amount of privilege, the 80386 lets the 
operating system create an I/O permis¬ 
sion bit map that specifies, port by port, 
which I/O addresses a task can access. 

These niceties, however, are generally 
of interest to systems programmers and 
compiler writers. Users—concerned pri¬ 
marily with address reach and downward 
compatibility'—appreciate two features 
the most: 32-bit addressing and virtual 
8086 mode. 

Big Segments, and More of Them 

The 80386's segments can contain up to 
a gigabyte of memory each—more mem¬ 
ory than many microprocessors are able 
to address. Therefore, the 80x86 instruc¬ 
tion set, which is optimized for programs 
that have one code segment, one data seg¬ 
ment, and one stack segment, can be 
used at maximum efficiency. 

Also, besides the set of segment regis¬ 
ters included in the earlier Intel proces¬ 
sors (CS, DS, ES, and SS), two new ones 
have been added: FS and GS. These 
changes reduce the overhead of loading 
segment registers to a bare minimum for 


virtually all applications. 

However, the same basic protection 
rules apply in the same ways, so code 
doesn’t need to be modified much to take 
advantage of the new architectural fea¬ 
tures. And since each code segment can 
be marked as using 16- or 32-bit registers 
by default (by setting the appropriate bits 
in the segment descriptor), 80286 code 
can run concurrently with 80386 code on 
the same machine. 

Virtual 8086 Mode 

No one likes to throw out software, espe¬ 
cially when you have paid hundreds or 
even thousands of dollars for it. Unfortu¬ 
nately, the best and most powerful soft¬ 
ware currently available for the Intel 
microprocessors runs under DOS and 
cannot be run in protected mode. OS/2's 
DOS-mode session lets one (and only 
one) DOS application be run at one time 
together with the protected-mode operat¬ 
ing system, since the memory accessed 
by the real-mode program must actually 
be at the physical address that the pro¬ 
gram expects. 

Furthermore, the real-mode applica¬ 
tion must be “frozen” unless it has al¬ 
most complete control of the hardware, 
including the display. This means that 
protccted-mode programs can run in the 
background while the DOS-mode session 
is in the foreground, but not the other 
way around. Finally, compatibility is not 
complete. Many programs just won't run 
in the DOS-mode session due to quirks 
or memory limitations, and this deters 
users from switching to OS/2. 

The 80386 and 80486 get around this 
problem by letting tasks run in virtual 
8086 mode. In this mode, protected- 
mode virtual addressing (i.e., descriptor 
tables, and so on) is turned off, and the 
8086 program “thinks” it’s running in a 
1-megabyte address space where seg¬ 
ment selectors have the same arithmetic 
relationship to physical addresses as they 
do in real mode. 

In reality, however, what is going on is 
quite different. The 80386’s paging 
hardware is used to map each 4K-byte 
chunk of that 1-megabyte address space 
to any 32-bit address in physical (or vir¬ 
tual) memory. This means that multiple 
virtual 8086s can run at the same time, 
since none needs access to the “real” ad¬ 
dress 0. It also means that several virtual 
8086 tasks can share a single copy of a 
real-mode operating system. Finally, 
none of the virtual 8086 programs can 
“see” memory that isn't mapped into 
their address spaces, which guarantees 
that system security remains intact. 

What if a program running on a vir¬ 


tual 8086 wants to do I/O? The result de¬ 
pends on the I/O permission bit map for 
that task. Any I/O operation that needs to 
be caught and simulated can be trapped 
simply by denying the task access to a 
port. An attempt to do I/O causes the op¬ 
erating-system software that manages the 
virtual 8086s (usually called a virtual 
machine monitor) to gain control; this 
monitor can then take whatever action it 
deems appropriate. 

Putting It All Together 

As complex as it all may sound, pro¬ 
tected mode provides only a basic frame¬ 
work for an operating-system environ¬ 
ment. It takes a lot of ingenuity to apply 
these concepts to the design of an operat¬ 
ing system. 

What protected mode does, however, 
it often does embarrassingly well. Many 
programs that were assumed to be quite 
sound have shown major flaws when run 
with protected mode's strict checks on 
pointer validity. And environments like 
IGC’s VM/386 can run independent vir¬ 
tual 8086s that are so well isolated that 
you can literally crash and reboot them 
individually. 

Intel isn't saying much about what di¬ 
rection the 80586 and future micropro¬ 
cessors will take, but it's clear from cur¬ 
rent trends that the protected-mode 
architecture won't be retired any time 
soon. ■ 
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HANDS ON 

SOME ASSEMBLY REQUIRED ■ Rick Grehan 



INPUT: 

KEEP IT Clean 


A data-entry TSR 
program and how to 
use it from six different 
compiler/interpreters 



I got my best lesson in user interfaces 
while watching a secretary enter a 
client*s name into a field clearly 
marked ‘^current balance.” She 
was reading from a printout, so she 
wasn’t paying attention to the screen. As 
she typed, the characters of the client*s 
name escaped the boundaries of “current 
balance” and overwrote a portion of the 
neighboring field. 

The screen looked pretty messy when 
she’d finished, and she told me so when 
she finally looked up from the printout 
and saw what she’d done. It wasn’t her 
fault, it was mine. / had written the pro¬ 
gram, and it was obviously lacking in 
safeguards. 

This seems like a small thing, doesn’t 
it? Nothing crashed, so no harm done, 
right? Wrong. You and 1 know that the 
program wasn’t trashed, but a user might 
not. A trashed screen can undermine the 
user’s faith in an application, which 
spells the difference between a program 
that sells and one that doesn’t. 

Even I am occasionally waylaid by this 
problem. While I’m typing information 
into a data-entry screen, the phone rin^ 
and I hastily put my stack of papers down 
to answer it. What I don’t notice is that 
my papers rest on an edge of the key¬ 
board, and by the time I’ve returned, an 
army of <3’s has conquered the lower third 
of the screen. If the program doesn’t 
have a screen redraw capability, Tve got 
to abort and restart it. 

Sometimes the results of inadvertently 
entering improper information for a field 
can be more than a disfigured display. In 
C, you typically use the scanf () func¬ 


tion to translate input strings into the in¬ 
ternal representations of floating-point 
numbers, integers, and so on. If scanf {) 
encounters an alphabetic character when 
it’s expecting a digit, it aborts the scan. 
The contents of arguments whose values 
were not successfully input remain un¬ 
changed, which in this case is another 
way of saying “random,” Although 
scanf () returns the number of success¬ 
ful conversions, some programs don’t 
check this return value. The results are at 
least unexpected and at most spectac¬ 
ular. 

BASIC programmers will recognize 
this as the famous “?Redo from start” 
problem—that cryptic message being 
what most BASIC interpreters respond 
with if you enter a text string at a prompt 
that expects numeric input. When this 
happens, BASIC reissues the input 
prompt and you get to try again. It’s a 
mixed blessing: The program doesn’t 
bomb, but any orderly data-entry screen 


you may have painted is usually mucked 
up by the error message. I suppose the 
message comes from the fact that if you 
enter improper data for any argument in 
a multivariable INPUT statement, you 
have to reenter all the values—even those 
you got right. Thus, for example, if the 
BASIC statement is 

100 INPUT A,B*C 

and you enter 

l,2,HELLO 

even though BASIC gagged only on 
“HELLO,” you’ve got to reenter the 
whole line. 

1 See the Light 

This was a speed bump that I hit no mat¬ 
ter what language I programmed in. I 
needed input formatting at the time the 

continued 
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input was taking place, not after the user 
had hit the carriage return. Finally, 
while employed as a programmer a few 
years ago, I saw what I thought was the 
best antidote on a Qantel minicomputer. 

Qantel used semi-intelligent terminals 
to which the programmer could down¬ 
load an input template that controlled the 
location and type of input data. Thus, 
you could tell the terminal, “Allow the 
user to enter a 10-digit number here, a 
30-characier string over there, and a 
nine-digit floating-point number down 
there.” The terminal did input filtering 
locally. Users simply could not enter a 
non-number in a numeric field; if they 
tried, the system would beep and refuse 
to echo the character. 

QanteTs input template approach had 


three benefits going for it. First, it neatly 
handled the problem of the user entering 
the wrong type of data. If the cursor was 
in a field defined to be numeric, the com¬ 
puter would accept only digits, a decimal 
point, or plus and minus signs. 

Second, it gave the user some feed¬ 
back regarding the precision of a numeric 
field. For example, say your program 
has defined an input variable that was 
used as a percentage, but this variable 
was expected to be integer only. On a 
system without input formatting, you 
might enter 15.95 only to see that figure 
show up later on some report as 16 (or* if 
you've used truncation, 15), Using the 
input template approach, your program 
could define that percentage field as be¬ 
ing integer only, and the terminal would 


MESSAGE PACKET TO THE INPUT MANAGER 


DS:BX 

15 0 


SEGMENT 

OFFSET 

ROW 

COLUMN 

SIGN 

TYPE 

ATTR 

FILL 

WIDTH1 

WIDTH2 


SEGMENT:OFFSET - Points to the string buffer. 

ROW and COLUMN - The screen coordinates 
of the fieid. 

TYPE - 0 = alphanumeric, 1 = integer, 

2 = ftoating-point. 

SIGN - 0 = unsigned, 1 = signed, 

FILL - Fill character 

ATTR - Attribute byte. 

WIDTH1 - Used with floating-point numbers 
only; indicates the number of digits 
to the left of the decimal point. 

WIDTH2-For floating-point numbers, indicates 
the number of digits to the left of the 
decimal point; for integers and strings, 
indicates the width of the field. 


Figure 1; Requests lo the IMAN TSR program indude a reference to a message 
block. The first two words point to the location of the string buffer. The rest of the 
structure describes the attributes of the data-entry field. 


ATTRIBUTE BYTE 


7 0 



(1=on) 


3-blt color code: 
0 = black 

1 = blue 

2 green 

3 = cyan 

4 = red 

5 = magenta 

6 - brown 

7 = white 


Figure 2: In text mode on the PC display memory, each character occupies I word 
of screen memory: 1 byte for the character and I byte for the attribute (the 
character's color and enhancements). Different types of displays use the attribute 
byte differently. 


have refused to accept a decimal point. 

Finally, the input handler kepi all 
numbers right-justified. As the user 
typed digits in, they scrolled to the left, 
as on a calculator’s display. So your pro¬ 
gram could define a column of numbers, 
and all the decimal points would line up. 
Your program could total that column 
and keep the dollars over the dollars and 
the cents over the cents without having to 
redisplay the figures. This resulted in or¬ 
derly looking displays that the sales peo¬ 
ple were particularly fond of showing off 
at demonstration time. 

After rd moved from minicomputers 
to microcomputers, I was determined to 
bring that kind of input formatting along 
with me. Most of my early work on 
microcomputers was in interpreted 
BASIC on CP/M machines, so 1 strung 
together a machine language USR rou¬ 
tine that was a good substitute for the in¬ 
put template. Now I figure iCs lime lo 
bring it over to the MS-DOS world. 

IMAN to the Rescue 
The input manager (Til call it IMAN) 
gives you the ability to define formatted 
input fields on-screen. Tve tried to make 
IMAN as language-independent as pos¬ 
sible. IMAN is a TSR program. Execut¬ 
ing IMAN.EXE installs the input man¬ 
ager at interrupt 62H and returns to 
DOS. Consequently, you can use IMAN 
with interpreters as well as with com¬ 
pilers; you don't have to link IMAN into 
your application. (Aside; This is not a 
new use for TSR programs; other pack¬ 
ages use this technique so they won't be 
lied to a particular language. NetBIOS 
and Btrieve are two good examples,) 

Your program sends requests to 
IMAN via a message block. The format 
for this block is shown in figure 1. In 
most languages, this block will simply be 
an array of integers. (ITI give sample call 
and return interfaces for six popular 
compilers and interpreters later.) IMAN 
expects the offset to this array in the BX 
register, and the array's segment in the 
DS register. 

The first 2 words (each word is 2 
bytes) of the message block are the seg¬ 
ment and offset to a string buffer. This is 
where IMAN will put the user's input. 
Depending on what language you're 
using, the string buffer will be either a 
character array or a string in the caller's 
program. If there's any data in the buffer 
when you call IMAN, the routine will 
display it and allow the user to edit the 
data. So you can use IMAN for data edit¬ 
ing as well as data-entry displays. 

The next word holds the screen coordi¬ 
nates of the input field. The coordinates 
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are in row/column form, with the low 
byte holding the column and the high 
byte holding the row. 

The word following the screen coordi¬ 
nates is likewise divided into 2 bytes. 
The value of the low byte indicates what 
kind of data IMAN will allow the user to 
enterL alphanumeric, integer, or float¬ 
ing-point. The high byte pertains only to 
numeric fields and should be set to either 
0 or 1. A 0 indicates that the field is un¬ 
signed—IMAN will not allow the user to 
enter a ‘‘ + ” or “ ^ ” character—while a 
1 denotes a signed field. 

The low byte of the next word holds the 
fill character. IMAN displays fill char¬ 
acters for vacant portions of the entry 
field. Typically, you’ll use the under¬ 
score character for a fill character, so the 
user can instantly tell how wide the entry 
field is. The high byte is the attribute 
byte, which controls the color and inten¬ 
sity of the foreground and background 
for each character in the entry field. See 
figure 2 for a layout of the attribute byte. 

Finally, the last word controls the field 
width. For alphanumeric and integer 
fields, the low byte detemiines the field 
width. For floating-point fields, the high 
byte indicates the number of characters 
to the left of the decimal point, and the 
low byte indicates the number of charac¬ 
ters to the right. 

Since IMAN returns its results as a 
string, it’s up to the calling program to 
convert that string to its actual value. I 
didn’t want to burden IMAN with ASCII- 
to-integer and ASCII-to-floating-point 
routines; support for that would be in the 
language of the calling application, any¬ 
way, In C, you’d use the sscanf {) func¬ 
tion; in BASIC and Pascal, you’d use the 
VAL() function; and in Modula-2 you’d 
use the StrToIntO, StrToCard( ), or 
StrToReal functions. 

IMAN expects and returns null-termi¬ 
nated strings, which causes some diffi¬ 
culties for languages that precede strings 
with a length byte. In the upcoming ex¬ 
amples, you’ll see that this is easy to deal 
with. 

Turbo C 

Calling IMAN from Turbo C is easily 
handled by the routine shown in listing 1. 
The character array imbuf holds the null- 
terminated string that the user types in. 
Notice that I return the length of the 
string as the function value. This makes 
it easy for a calling application to deter¬ 
mine whether the user actually entered 
anything. 

The toughest trick to pull off is deter¬ 
mining the segment and offset address of 

continued 


Listing 1: Calling IMAN from Turbo C. 


iPInclude <stdlo.h> 
llnclude <doe.h> 
ebar lnbuf[80]j 

I* 

Interface to THAN. Assumes s global cbsracteT 
** array called Imbuf, Tbe contenta of imbuf should 
»» be teTTilnated with a null. 


*/ 


int 

caHimant Imrow, Iracol, Imalgn, Imtype, imattr * imf ill, tiwlj liiiwS) 


unsigned int Imrow, Imcol; 
unsigned int Imaignj 
unsigned int imtype; 
unsigned char Imattr; 
unsigned char Imflllj 
unaigned int linwl,im'w2; 


/» Screen coordinates */ 
/» Sign control «/ 

/» Format type */ 
Attribute byte »/ 

/> Fill character */ 

/* Field widths »/ 


unsigned Int ljiMe3i6]; /* Message #/ 
struct HEGPACK epuregsj 


lminea[0]-FP_SEC((char far ») imbuf); 
iEnrae 3 [i]»FP_ 0 FFCCchar far ^^)imbuf); 
lmme3[2]^(lmrov«0) | imcol; 
iniiiie 3 [ 5 J"(lmBlgn<<S) | imtype; 
imines [4] unsigned int) (linattr«e) | Imflll; 
if C imtype I = 2 ) 

iJHiiies[5] = Eiorvfl<<S) | iEi»f2; 


/» Load the epu registere */ 
epurega r_da?iFP_SEG( (unsigned Int far *)immes)j 
cpuregB r„bi=FP_0FF( (unsigned int far #)iinine3); 


/• Call IMAN */ 
intr( 0 x 62 ,iepuregs); 

returtiE strlen( Imbuf)) i 


Listing 2: The Turbo Pascal interface to IMAN 

USES DOS, CHT; 

VAR 

IKBOF: STRING£80]; 

[ Thia function calls IMAN. It ejqpeeta that you've already 
defined a global string named IMDUF. } 

FUNCTION 

C ALLIKAN (imro V, imcol, ims ign, Untype, 

imfill,lmattr,liii¥l,imw2: INTEGER) : INTEGER; 

VAR 

peregs: REQISTEHSi 

imESt ARRAYLO-.S] OF INTEGER; 

BEGIN 

IMBUF:-IMBUF + #0; { Append a null ) 

IMMES[0]:=SBG(IMBUF3; [ Segment } 
rHMES[li:=OjS(IKBUF)+ls { Offset } 
rMKES[2]:=(DffiOW SSL S) OR IMCOLj 
rMHES[ 3 ]:=(lMSIGN SHL 8) OR IMTYPE; 

IMiaS[4j:=ClMATTR SHL 8) OR IMFILL; 

IF IMTYPE02 THEN IMWl:-0; 

IKMES[5]:-(IMW1 SHL 8) OR IMW2; 

{ Set up registers } 
perega.BX:^OFS(IMMES[0])j 
peregs.ns:-SEG(IHKES[0]); 

{ Call the Interrupt ] 

INTR{S62,perega); 

{ Fix the returned string } 

IF F0S(#0,IMBUF)=1 THEN 
CALLIMAN:=0 

BEGIN 

IMBUF: =COPY{ IMBUF , 1 , POS ( #0 , IMBUF) -1); 

CALLIKAN: =S IZEOF(IWBU F); 

END; 

END; { CALLIKAN } 
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the string buffer and the message array. 
(YouMl see that this is true for the other 
languages as well.) Turbo C provides 
two macros, FP_jSEG and FP_OFF, that 
return the segment and offset compo’ 
nents, respectively, of a far pointer type. 
Since Imbuf is an array, and since there’s 
no telling what memory model the final 
application will be running in, you’ve got 
to use coercion—hence the (char far *) 
prefix. 

Once the message’s contents are prop¬ 
erly loaded, you call Turbo C’s intr{) 
function, which in turn calls IMAN’s in¬ 
terrupt. The first argument to irttr() is 
the interrupt number, and the second is 
the pointer to a structure of type REG- 
PACK (which is defined in the dos.h in¬ 
clude file). You can set the contents of the 
CPU's registers at the time of the inter¬ 
rupt call by storing into the elements of 
the REGPACK, and it holds an image of 
the registers’ states when the interrupt 
routine returns. Since IMAN terminates 
the string with a null prior to returning to 
the calling program, the contents of im- 
buf are C-compatible. 

Turbo Pascal 

In listing 2, you'll find the Turbo Pascal 
interface to IMAN. The main difference 
between how Turbo C and Turbo Pascal 
handle the call to IMAN—beyond the 
fact that they are two different lan¬ 
guages—springs from the differences in 
how each language handles strings. In C, 
a string is an array of characters termi¬ 
nated by a null. In Pascal, a string is an 


array of characters preceded by a length 
byte. Since IMAN handles strings in the 
fashion of C, you’ve got to do some front- 
end and back-end work. 

In listing 2, you can see that I’ve load¬ 
ed the array element IMES[1]—where 
IMESt] holds the message block—with 
the offset of the string buffer plus 1. In 
this way, the offset passed to IMAN 
points to the first character of the string, 
not its byte count. 

Setting the CPU registers in Turbo 
Pascal looks notably similar to Turbo 
C’s method. Only the nomenclature is 
changed: C uses structures, while Pascal 
uses records. Even the name of the pro¬ 
cedure call is the same: INTR(). 

Once IMAN returns, you’ve got to 
purge the trailing null character from 
IMBUF. Otherwise, the VAL() func¬ 
tion, which is Pascal’s counterpart to C’s 
scanf (), will refuse to convert numeric 
entry. I accomplished this with Pascal’s 
COPY() function, copying IMBUF on 
top of itself, excluding the final null 
character. The net effect is to decrement 
IMBUF’s length byte. 

GWBASIC 

Deriving a working interface to IMAN 
for GWBASIC requires some program¬ 
ming gymnastics that, if properly ac¬ 
complished, will really impress your 
friends. Deep Thought says it best: 
“Tricky.” See listing 3. 

To make it through this maneuver, you 
need to rely heavily on GWBASIC’s USR 
function, which allows your program to 


call a machine language subroutine. A 
USR function accepts one argument, 
which is made available to the subroutine 
in a field referred to as the FAC (for float¬ 
ing-point accumulator). Fortunately, 
GWBASIC sets the BX register to point 
into the FAC. The subroutine can send 
back an integer to the calling BASIC pro¬ 
gram by placing a value into the FAC 
prior to issuing a RETF instruction. 

My first USR routine appears in lines 
50CKK) through 50005, where Fm using a 
three-element integer array {IMCAL%) 
to hold a short, three-instruction ma¬ 
chine language routine that moves the DS 
register to the location pointed to by 
the BX register and then returns. The 
VARPTR(IMCAL%{0)) statement re¬ 
turns the address of the first variable of 
that array, which, in this case, is the be¬ 
ginning of the machine language subrou¬ 
tine. The end result is that the contents of 
the DS register show up in the variable 
BASDS%. You’ll see why I need the DS 
register momentarily. 

The actual call to IMAN takes place 
starting at line 51000, where I redefine 
the USR function to point to another 
short routine consisting of 

MOV BX,[BX] iGet the Integer 
argument 

INT 62H ;Call IMAN 
RETF ;Back to BASIC 

Then I load up the array IMMES%() 
with the message information that IMAN 
expects. Here’s where I use BASDS%; 
since that variable holds the value of GW¬ 
BASIC’s DS register, it is therefore the 
segment address of the string buffer that 
IMAN uses to capture the user’s input. 
(Since GWBASIC keeps all data in a sin¬ 
gle segment, the DS register on entry to 
IMAN is set to the same value as in 
BASDS%, so you may be wondering why 
I bothered putting DS into BASDS% in 
the first place. The reason is that IMAN 
doesn’t know who is calling, and there¬ 
fore doesn’t know that the caller’s DS is 
the same as the string buffer’s segment.) 
Once IMME$%() is properly set up, I 
execute the USR() function, which trans¬ 
fers to IMAN. 

When IMAN returns, the input string 
is in IMBUFS, terminated by a null. It’s 
a simple matter to determine the string’s 
length with an INSTR() function. If the 
input was numeric, you use VAL() to 
convert it from characters to a usable 
number. 

It’s important to note that VARPTR 
can be a tricky function, particularly if 
you use it in conjunction with arrays and 

continiwd 


Listing 3: Calling IMAN from GWBASIC 


5 DEFIKT A-Z 

9 'DjUnenBlon stuff for IMAN 

10 DIM 

IMCAL!EU),IKHE3Sr(6) 

15 GOSUB 50000 'Initialize IMAN 
...Your program goee here... 

49999 'Determine BASIC'a DS register 

50000 IMCAU(0j-&HDeeC:IMCAL!t{l)-&H7e9:lMCALi(2)=&HCBCfl 

50005 BASDS*=0jI 3EF tJSH0=VARPTR(lMCAU(0))JeASDS3l-USR0(lMCAL!(C0)J 

50009 ^Build routine to call IMAN 

50010 IMCAL5I (0)=&H1FSB: IMCAL|( 1) =4H62CD: IMCALIC2)=iHCBCB 
50015 IMBUFS =;SmiNG|f80,0) 'Build buffer 

50020 RETURN 

50099 'Entry point to IMAN 

50100 IHHES|fO)=BASDSf 'Segment 

50104 IF DENCIMBUFS)<80 

THEN IKBUFS=INBUFJ+STRINO$(&0-LEN(IMBUF$),0) 

50105 IKMESS(l)^VARm(lMBUFS)+l 'Address of offset 

50106 IMHESKCl)=CVI(CHR3(PEEK(IMMES*(l)))+ 

CHE${PEEK(IHHES)£C1)+1))) 

50110 rMMES1tC2)=CVl(CHR$(lHC0L!l) + 

CHR3(lMR0V)f)) 'Screen coordinates 
50115 IHMESSC3)“CVI(CHRa(lHFTYP5£) + 

CHR3(lMaTyPS)) "Sign control and format 
50120 IHMESi(4)=CVl{CHR$ClMFIIXl) + 

CHfiKlMATTRSC)) 'Attribute end fill 
50125 IF IMFTYPS <> 2 THEN IM¥li=0 

50130 IMMES*(5)-C?I(CHH|C1HV2$) + CHH$(lMyif)) ^Fleld width 
50135 DEF USR0-VAfiPTR(lMCAU(0S) 

50140 IMMESj(0)^USROCVARPTR(IMHES3f(0))) 

50150 RETURN 


390 BYTE* DECEMBER 1989 








Mass Storage Is No Longer 
A Peripheral Issue 



It’s The Central Issue 


MICRO CHANNEL" 


COMPAQ" 


HIGH-SPEED 386s 


And it should be. | 

Today’s top end computer 
platforms have created 
dazzling new dimensions I 
in CAD/CAE. data bases, networking and 
specialized DOS applications. More than 
ever, storage performance and capacity 
are central concerns. 

And more than ever, Storage 
Dimensions is the logical solution. 

With our SpeedStor™ hard disk 
subsystems, you get the best possible 
performance specs. But you get more than 
14 ms access times and 15 Mbit transfer 


rates. You get our expertise in translating 
those specs into maximum system through¬ 
put—delivering to your application all 
of the performance it can handle. And all 
of the capacity it will ever demand. In 
configurations that include single 650MB 
internal storage systems, external enclo¬ 
sures that expand to four drives and 
2.6GB, and many more. 

To get the most from today’s most 
powerful desktops, start at the center. 
Start with Storage Dimensions. Call (408) 
879-0300. Or write us at 2145 Hamilton 
Avenue, San Jose, GA 95125. 



STORAGE DIMENSIONS 

A MAXTOR COMPANY 


SpeedStor is a Lrademarli of Storage Dimensions. Im. Sineagc Dimensions 

Circle 381 on Reader Service Card (DEALERS: 382} 











HANDS ON 

SOME ASSEMBLY REQUIRED 


strings, as I have here. This is due pri- 
marily to GWBASIC’s being an inter¬ 
preter rather than a compiler* As a pro¬ 
gram executes and arrays are created and 
strings grow and shrink, the interpreter 
moves variables around in memory. So 
the results of a VARPTR function may 
not be valid after the execution of a DIM 
statement or ai^ string function. All you 
can do is remain aware of this phenome¬ 
non and use the results of a VARPTR 
function as soon after its execution as 
possible* 


Turbo Basic 

The Turbo Basic command set includes 
members specialized for direct access of 
the CPU. Consequently, you don’t have 
to perform all the black magic as in GW- 
BASIC. See listing 4. 

YouTl notice that deriving the contents 
of the first two entries in the message 
array has become considerably more 
complex* Gosh, there are actual PEEK 
statements in there. In Turbo Basic, it’s 
much more difficult to determine the 
physical location of a string variable. 


Most variables arc kept in a segment 
pointed to by the DS register, and it’s a 
trifle to determine this segment using the 
VARSEGO operator (identical in func¬ 
tion to the OFS() functions of C and Pas¬ 
cal)* But when you sic VARPTR() and 
VARSEGO on a string variable, you end 
up with the address of a 4-byte string de¬ 
scriptor. This descriptor resides in the 
DS segment, and its last 2 bytes are the 
offset to the string body. The string body 
is kept off in another segment called the 
string segment, and you can find out 
where that is by looking in the first mem¬ 
ory word of the data segment. Whew! 

It’s convenient to u*se Turbo Basic’s 
constants to attach a symbolic name to 
the values that pick the format type and 
sign handling . This makes code easier to 
read and understand, because you can 
write statements such as 

IMFTYP% = %ISFLOAT 

rather than 

TMFTYP% = 2 

For all their differences, there are still 
many similarities between the code in 
listing 4 and the code that I presented for 
GWBASIC. Two new statements appear 
in the vicinity of the actual call to 
IMAN The CALL INTERRUPT state¬ 
ment is Turbo Basic’s way of calling a 
software interrupt directly. This state¬ 
ment takes one argument, the interrupt 
vector number. 

But before you call a software inter¬ 
rupt, you need some way of loading the 
processor’s registers. Enter the REG 
statement. REG takes two arguments. 
The first argument must resolve to a 
value in the range 0 to 9 and select which 
register you want loaded. Your chosen 
register is loaded with the value given by 
the second argument. As you execute 
REG statements, you are actually writ¬ 
ing information into a “register buffer” 
that Turbo Basic maintains internally. 
When the CALL INTERRUPT state¬ 
ment executes. Turbo Basic first loads 
the processor’s registers from the regis¬ 
ter buffer before transferring to the inter¬ 
rupt routine* 

Once again, Fve built the function so 
that it returns the number of characters 
that the user actually entered. 

Microsoft QuickBASIC 

The interface to the input manager for 
Microsoft’s QuickBASIC, which appears 
in listing 5, looks like an amalgam of all 
the listings that have preceded it. 

continued on page 442 


Listing 4: Calling IMAN from Turbo Basic. 

DEFINT k-Z 

msiGNED = 0 ^No sign 

iSlGNED s 1 Tsigned, shou plus 

flSALPHA - 0 ^Alpbanumerlc field 

flEIfJTEGER = 1 integer field 

mSFLOAT = 2 ^Floating-point field 

IIMAKVEC = "Interrupt vector for IMAN 

DIM IMMESS((6) 'Message 

IMBUF$=STRING$(0O,O) 'String buffer 

DEF FNCALLIMAK5{IMR0U)S,IHG0U, IMSICNK, IKTlfPEJ, IHFILLUMATTR*, IMVIS, IHW23S) 
DEF SEO 'Set eegraent to atart-up 
IF LER(lNBUFS)<gO THEN 

IHBUF3-rHEUF^ETRlNC$C80-LEN(lHBUr$),D) 

END IF 

IMMES35(D)=CTICCHR5(FEEK(0))4CHE$(PEEK(1))) 

IMMESS{1)=VARPTR tIKBUPi)+2 

IMMES*(l)=CVI(CHRS(PEEK(lMKES5e(l)})+CHH3(PEEKtlMMESf(l)+l))) 

IMMESJt(2) =CVI(CHR| IHC0L|)+CHR5 (IKROWI) ) 

IMMES!t{J)-CVlCCHRlilMTYP£3i)-iCHR$(lMSlGN5t)) 

IMMES!{{4)=CVl(CHR|(lHFILLiJ)+CHR$(lMATTftf)) 

IF IMXYPEJC <> SISFDOAT THEN IMWlf=0 
IMHESS ( 5) =C VI ( CHR| [ IMW23t) +CHR$ (IMVIS )) 

REG e,VARSEG(lMMESS(0)) 'Set DS register 
REG 2,VAHPTR{IMKES*(0)) 'Set BX register 
CALL INTERRUPT iH62 
FNCALLIMAN!l=INSTR(lMBUF$,CHH¥CO )) 

END DEF 


Listing 5: Cailmg /MANfrom QuickBASIC. 

DECLARE FUNCTION EHANS (IMROWS, IMCOL*, IMSTYPf, 

IMFTYPI, IMATTR3(> IHFILL^, IMNIJS, IHV2S) 

DIM SHARED INPUTREiGS AS RegTypeX, OUTPUTREGS AS RegTypeX 
DIM SHARED IMMESS(6) 

DIM SHARED IMBUE? 

FUNCTION IMAN^ (IMROWJE, 1HC0L3S, iMSTYPJf, IMFTm, 
IHATTRX, IMFILI5, rHW2!t) 

IF LEN(IHBUF$) = 0 
THEN IMBUFI = STRING?(80, O) 

ELSE IMBUFf = 1MBUF| + STRING$(80 - LEN(IMBUF?), O) 
IMMESX(O) = VARSEG(IMBUFI) 'Segment 
IMMESSCl ^ VARFrR(lHHUF?)+2 ’Addresa of offset 
IMMESX(l) - CVlCCHR$(Pm(lMKES3t(l))) + 

CHR? (PEEK (iMMESjS {13 +1))) 

IJmS%(2) = CVICCHR®{IMG0LJ) + CHH?(IMR0U3{)) 

IMMES*{3) = CVI(CHR$( IMFTm) + CHR|{IMSTYP^)) 

IMHESX{4) - CVl(CHH?(lMriLL1l) + CHR$(lMATTR?3) 

IF IHFTYPJ <> 2 
THEN IHWlf s 0 

1KMES^(5) - CVI[CHR?CIHW2?) + CHR*(lMWlX)3 

INPUTHEGS.bic ^ VARPTRfiMMESffO)) 

INPUTRE(iS*ds = VARSEG{lMHES*(0)) 

CALL IHTEEHUPTX{SH62, IMPUTEEGS, OUTPUTREGS) 

IMAN? = rNSTR(l®UF$, CHRf(0)3 

END FUNCTION 
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An MS-DOS OomrTKin LISP interpreter that sup¬ 
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extra features, excellent debugging lacilities, sam¬ 
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BAR CODE SOFTWARE SOLUTIONS 

ISD has sGiHwam SdtutiDhS that allcw la u&a bai 
codes for most anything. Like Idaotitying produds^ 
Labeling packages* Or even managing assets and 
paperworlt Vbu'li be able to speed and simplify data 
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Integrated Software Deeign, ln& 
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PC-Wind Bar Code Solutions 

Bar codes am easy with a FULL lirra cl readers 3 
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WHEN EASE^F-USE COUNTS 

Reading bar codes should be as easy as a 'iquicK 
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decoders. Reads all maicr codes ( 39 ^ I 2 / 5 , S 2 / 5 , 
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Large HeesJ^er Disanifns, 

Solutions Engineering 

<705 Lengdrum Lane, fiethesda, MD 2 PS 15 
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DATA INPUT DEVICES 

Bar Code, Msgnelk; Stripe Readers & SmartCard Encoder/ 
Readsf ksr mlcroocimpiJters A terminals Indudlng IBM PS /2 
e, others, DEG. MiKiantoeh, ATRT, CT. %se, wang. All rftadars 
connect on the keyboard cable & are transparent to ill soft- 
yvara. UPC A 39 iprint programs, magnatlc encfldors. & por^ 
table readera are also available. 
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VARIANT MICROSYSTEMS 

BAR CODE READERS DELIVER 
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• 30-Day Maney-Back Guarantee 
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BRAILLE PUBLISHING 
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Textbook ForTnat, ■French, Spanish, ArsbiiS, and others. 

Duxbury Systems^ inc. 

435 King Bt„ RG Box 1504 , LiffiefOn, MA 01460 USA 

506-466-9765 


Inquiry 593. 



Inquiry 594. 



Inquiry 595. 


PERCON; THE BAR CODE SPECIALISTS 

If you hav« qLtesdons about bar code technology. 

rice to know an experienced, ffiendty bar code 
spedalist only a phonC’ call away. Want lo know 
where to start or where lo find hard-io-find bar code 
accessories Call PERCON for answers. 

PERCON 

2190 W. Illh Awel. Eugene^ OR 97402 

Phone; (300) 373-7266 BUC; (503) 344>1399 


BASIC CUP MUSIC 


300 Songs & Sound Effects 

TbeE/vrBwiiiiw'cordaim ^ tar-the biggest A best coUsction on 
The midst lor DOS madilnes. Plsy Ills a juteboK thmugh jfOur PC 
speaker or u&a salacdoria In your own programs. 

No JtifBities cequaed—wunse csode incltiijed. 

An Excellent QlftI 

T73-pg. mftnEial. 525' Or dlSkL 6ASfG aa Of laifif fsq'd. 
Dealer inpulnes mjcome 12095 (I53S0 US. aSh) ucTVtsiVua 

(800) 727-4140-Moii6y Back Guarantee 

PH Musk SoUwara, 1511 49 th a. Boddsr CD 80305 , { 303 } 440^40 


Inquiry 591, 


HUen CD eOM 3SOO PG/XW IMinilE Kit .. . 

HllcM CD nou ISOSS PCiXTifir octBrml kil . 

NEC CD NOM PS12 IrTtMlut kH . 

.. , .SS39 
. tfl79 

. srw 

C7M 

Uav DfW SiO WOBM kk .. 

REOBEO HagnetD4pillcafl Ml (fiSOMai .. 

On Art ^ NEC (IBM I Mac).. .. 

knasi fSo bf NEC (ISMl .. 

Spectrum Art hi Aide (IBM] . 

lipc Oukkr USA by (Uw) .. .... 

. laass 

. *348 

.. 048 

. KS9 

. sisa 

POCuidttiy KM.. ... 

. osa 


Bee SVncburm iDozanff and DcEesta of EMSCS 

CD ROM, ING 

1120 -e 10 th St.. Golden, CO (KM^n aOS-ZTS-aasQ 
FAX; 303 - 279-4322 CompuServe 72007544 


Inquiry 596 l 


BBS/PUBLIC DOMAIN 


5-YR. WARRANTY AT PERCON 

PERCON decoders are new cowered by b Awe- 
year limited warranty. That means you wont 
spend one cent replacing your PERCON bar 
code decoder for live full years. Thafs reliability 
veu can count onl 

PERCON 

2190 W nth A/b„ Eugene, OR 97402 

Phone: (800) 873-7266 FAX; (503) 344-1399 


PC BAR CODE SPECIAUSIS 

Oar code raadara designed for faatt reliable, coat 
effective data entry. Looks Just like keyboard data! 
Choose Imm stainless steal wand or laser Interface, 
Also, powerful Bar Code and Text priming software. 
Great warranty, Dealer Inquiries welcome. 

Seagull Scientific Systems 

15127 N.E, 24th. Suite 31^ Redmond, WA 98052 
206-451-6966 


MedCom BBS 

Un your moftom to all 

8007445-4BBS (800/445-42277 

ei iinet, 3 / 12 / 24 , eNi 

Qmjp a prtvBb chat. Many gariws^ Indudlng the new rnuHi- 
pfa^ fsk-Bctlon fuH-CDtorgrBphic 9 & sound. "Flesh 
from Galaotlcomml Cheis/CheckerarDthblk}. E-Msil, lOCWs 
□I dll. messags base, online imwa & emehsnfTTent. Free tkne 
& dowTikieds, 

6S12 E Santa Ana Oyn Rd #3fi1, Anaheim. CA 92807 
(714) B9&-9B99 



Inquiry 592. 


CD-ROM/WEl-L BEAT ANY PRICE 

All iBM/MACditwa/tides, Call kirpiice list, montNy ipeoials^ 
POs. Irriematlonaf otrdera Mvelcome. Special library, aishod. 
gouammarn pricing. COO. Visa. j^inex 

CD-ROM SHOPPER 

(201) 886-1866 

Fax # 303-27B-4322 
116B Elm Tarraca 
Rahway. NJ msS 

_ 24-HR AU7V ORDER UNE _ 

Inquiry 597. 


CD-ROM Publishing Services 

Complets CbFIOM pubitshing servioea irv^udlng i^ustom eiXF 
ware interfaa. ReasotiablB retsa. fast tumarounri. Cali for 
quota. 

Tttlea pubi^bad: Foori^aiyst, EcoryStaia. Corisu/Siaita. 
/^h/Siats, 

Hopkins Technology 

CD-ROM Publisher 
421 Hazel Lane 
Hopkins. MN 66343-7117 
(612) 931-9376 CIS 74017,614 


Inquiry 598. 
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Inquiry 599. 


CD-ROM OBvet&pmr^ Lab 

MuttlrrmliA producuon lor Mac S PCd«ve(0i>e<i3 « 

rnnumMS. Pitmt d«ign, rn«nBg«nBnL, dda prvp^ pngrim- 
mkig, proiiiBitiarliiB, And (nanufacturlng tadinkiLMa & awes 
from IB loading oomponlas. Domo* of oH-thMholf low* tor 
innaging, audio, arimailor (MocJ. Real npolicaltoris iHlng 
Madlo-MIxiaf aoiirc* loolo. pD-lklM KA.TC or Mac 
TVan$gonoble SB4& Visa or MoatwCard. 

Software Mart, Inc. 

4131 SpteSMod Springs Road Austin. TX 7B769 

S12-346-7887 


Inquiry 600, 


COMPUTER INSURANCE 


INSURES YOUR COMPUTER 

SAFE^RE provides fuH repdacennenl of hardware, 
media and purchased Boftwaie. As little as $39 a 
ysar provklss comprshsnslN« cou^ra^ Blanket 
coverage; no of equipment needed, One call 
does It all. Call 8 am-lD pm ET (Sal. 9 to 5) 

TOLL FREE 1-800-848-3469 

[UkoI 614-^2-0559) 

SAFEVIARE, The Insurance Agency Inc, 


Inquiry 601. 


COMPUTER SUPPLIES 


COLOR RIBBONS 

COLORS: Black. Rad. Blue, Green. Brpwn 
BUICK COLOR 


NECP2200 

$7.76 

$12.00 

Okidata 3d(V3»i 

7J)0 

eDO 

Partssonlc KXF>>1124 

B7S 

7,7S 

Toshiba P3S1 


&eo 


PRICE 4 SPEC SUBJECTTD CHANGE VWO hJCmCE- 
FOR OTHER RIBBONS GAIX FOR CATALOG 

RAUCO COMPUTER 5UPPUES 

RO am 4m MontHICL IL WOH 
<uajg «Kl-622-«B93 ’ fCAPUSA) 101*421-5444 ‘ l1*4U-t»«1 


Inquiry 602, 


COMPUTER UPGRADE 


THE COMPLETE XT UPGRADE 

T?w K^lt Upgrade Idt dorverlB your >mu full 2QMHi 
e03SB CPU and Ngti speed dlW( pertomunce. Ttie KrStt KIE 
inWudae SOMh* bosbb RAm, tS-tjlf Adaptec 1:1 eon- 
Ireliar. 2eM* l^tsublshi dls^ drive, choice of 1.2 or 
1.4Mb diskette drive, lltanhc lOT Pto* heyboetd, W 
PS, new drive ceble*. Mokitieeor ej^oeeds the pemmorice 
of B new system bid at ter (esa coeL Tbp quWiiy, easy itwUitia- 
tlofi. 1 year warrarily. $1,7^ 

5G Corporation 

4131 Spi[»wDOd Springs floed M. Austin T)C 7H7SB 

800-333-4131 512-345-9843 Fra 512 345-9S75 


Inquiry 603, 


COMPUTERS & PRINTERS 


LAPTOPS * 

APPLE * IBM 

COMPAQ SiJ 

tBM PS 2 

ZENITH 

MACINTOSH 

SHARP 

LASERWRITER 

TOSHIBA 

IMACEWRrfER 

NEC 

HP LASERJET 

PLChTERS 

EPSON 

HARO DRIVES 

FAX MACHINES 

Call UOC 213-921-8900 For Prices 

I3r3e E Artesia mvi. 15a Cento*. CA 90701 

Ftot 213-S02-0S31 

imBrnBltonal Orders Wetooma 


Inquiry 604, 


3% BYTE* DECEMBER 1989 


CROSS ASSEMBLERS 


CROSS ASSEMBLERS 

Universal Linker. Librarian 
Targets for 36 Microprocessors 

Homs: PCWIS4>OS. micro VAX. VAX 8000 

£N£Rr£c, ma 

BOX 1312. 811 W Fifth St. 

Lansdafe, PA 19448 

Tel: 215-362-0966 Fax: 215-362-2404 


Inquiry 606. 


YOUR SALES MESSAGE 

about the special computer product or service 
thel you provide belongs In print 

THE BUYER’S MART 

can help you reach computer professlofmla and 
produce valuable Ingutrfaa for your company! 

Cali Brian Higgins far more information 

603-924-3754 


Inquiry 605. 


Profeasional Series 

Pseudocode releases Us PsaudoSam professional 
SarJee of cross assemblers. Most populer processors. 
Macros. Conditional Assembly, and Includs Files, Vir¬ 
tually unllmUed size. For IBM PCs. MS-DOS 2.0 or 
grBSter. With manual ter 350J0a (Ml lea 4% toxj. 
Simulators and dlsassemblara also evailabla Shipping 
$5, Canada $1^ ftjrelgn $15, Visa/MC. 

KORE Inc. 

3510 PiiMnttd NE. Greed RtpkUl, Ml 4S5as ei#-3Si-3e« 
3(H}aysaisfacilonguvMrsi9SfiorpuKNa0pfieervfiiTidvi 

Inquiry 607. 


CROSS ASSEMaLERS/SIMULATOnS 

^and new fufl'IunetiDn sirmridn br A* 1096 coNroRei Supporlvio ALL 
MOOeS d Idemsib plus the HSt HSO. AiU 00 Serid teMiR$. with tijti 
cteBsartiter; just 13)010i« hoeto simiAtofsiQr DcKM% ard BD8I 
id to 1200, ihSttiesetoEMlO£^anl2SOtot2SO eicti. 

Oik tine d cross to afl abM toget CPUs aeatos yiPGoGm- 

pdtb* stf to 1100 eidt Wfe dto iteou« to stoui^ 
pBdegn. 

Lear Com Company 

2440 Kipling SL/Sta. 206, UkewoDd. CO 80215 
363-232-2228 


Inquiry 606 


MACINTOSH CROSS ASSEMELERS 

^SKT’—availafiJo tor rno« S-blT MPUs. Fast, FuH Mac In- 
tortH% S DT Hex eirtpul dmnifosds to rrKto EPROM pn^grBfTi- 
mera, Faermee macros, cendiiionBl easV. locat end euto 
label*, symttol leble cross-ratorenca rnodule Mcttonlng. 
Editor included. $l2aaSe*cN plus &M. MCASIAE, Technical 
buileHn R^iebla 30 day money back guareetea, 

MICRO DIALECTS, INC., Dept B 

PO, Bok 30014, Cindnnall. OH 4S230 
(513) 271-9100 


Inquiry 609. 


CROSS ASSEMBLERS 
©uarantced, 

PC Gampatlble SUPPORTED 

DEBUG SIMUUOORS « DtSASBEMBLERS 
EPROM PflOGHAWMERS 

MICRO COMPUTER TOOLS CO. 
Phone Toil Free (800) 443-0779 

til CA {415J 625-4200 
912 HaslingB Dr. . Conconl, GA '34518 


Inquiry 610. 


CROSS ASSEMBLERS 


SaOO-Femny Pevelopinent Software 

Our C Compllere for the 680a 6801, 680% & 
eenCMI teatura a complete fmptemamation (ex- 
ctuding bit hetdB} of C as described by K&R and 
yield 30-70% less code than other compitefs. Our 
Assemblers feature macros and condttlonal 
assembly, Unlcsr & Terminal Emulator inctuded. 

Wlntok Corporation 

1 BQ1 South St. Lafayette, IN 47904 

(800) 742-6809 Of (317) 742-8428 

Inquiry 61L 



DATA CONVERSION 


MEDIA COMVERSION/DATA TRANSLATION 

Moirp thin jM a wtraight dump or A$Cli fmnotoW 
wbrd PTbceuJng, DBMS, and Spieadeheet dole on CHalte 
or ibpaa tren*tofied directly into appiicattohs running on 
lAilrWrama*. Mini*. Utofb*, Oedicoted Woid Procaeicrm. 
lypeeattaie. end Electronic PubiliNngi ayslema. 

IBM PS/2 $ Macintoob nupported 
41 In ihe ErerelotlDn Indceiryl 

CompuData Ikanslatora, Inc. 

33as WWi» «M).. Siam 1202. U» Angdw. CO 90010 

(213) 3B7-4477 1-800-825-8251 

Inquiry 612. 


DATA/DISK CONVERSION 


RESULTS 

You Can Depend On! 

• Data ConvGfsion 

• Disk Duplication 

• Optical Scanning 

Computer Conversions 

OSOO BlKk Mountain Bd.. SuJIa J, San Dla«o. CA 02126 

_ 619 - 693-1697 _ 

Inquiry 613. 


DISK CONVERSIONS 

Media transfer lo or from' IBM, Xerox, DEC. Wang. 
Lanier, CRT. Mioom, NBl, CT Eioeon. WRDPLEX 
also WR WS, MS/WRD. DW4, MM, Samna, DEC 
DX. MAS 11. Xerox-Writer. ASCII. 

FREE TEST CONVERSION 

CONVERSION SPECIALISTS 

531 Main SL, Sto, 835 El Segundo. CA 90245 

(213) 545-8551 (213) 322^319 

inquiry 614. 


FROM MAGs TO MAINFRAMES... 

Our 12 conversion systems 
support over 1000 formats 

DISK INTERCHANGE 
SERVICE COMPANY 

2 Park Drive - WBetford. MIA 01668 

(508) 802*0050 

Inquiry 615. 
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DATA/DISK CONVERSION 



BUY YOUR OWN 
CONVERSION SYSTEMI 

With nearly a decaide of Q^perlenca In data eonvarsion. 
^u can wwk wth the incfostry leader In 8 trach tape, car¬ 
tridge tepe and dlekette oomerakin systema Ei^ the 
Ex?nvenience of your own cxHiuerslon extern:. Call today 

ID discuss your applteabon! 

Flagstaff Engineering 

1120 KSfoab Lerie, Flagstaff, AZ 88001 

(602) 77^0341 

MastarCard - Vba - Arnsrlcan Express Axaptsd 

Inquiry 616. 

THE #1 CHOICE 

In disk & tape conversion 

for many leading oorporatlor^ go^mment agencies, Iw 
firms, and oompaniee in every Industiy^^worldwvida 

Fme teat • SaUetactfon guersfrind 

Graphics Unlimited Inc. 

3000 SKOfKl St. North. MfoneapoKs, MN 56411 
(612) Sse-Tsn or (612) 526-2345 

FAX: ( 6 f 2 ) 5SB^3 

Inquiry 617. 

10X FASTER EASIER TO USE 
IBM PC ^TO * HP FILE COPY 

Update version uses wtndows: Can for Itee demo! IBM 

PC to HP File Copy aHows IBM PCs^ PS/2, compatibles 
to Irttetchange files wfth Hewlett-Packaid Series 7D, BQ| 
20a 30a 1000, SOOOS. 

Oswego Software 312 / 554-3557 

Box 310 FAX 312/554-3573 

Oswego, IL 60543 Telex 658-757 

Inquiry 618. 

CONVERSION SERVICES 

Convert any 9-track magrveijc tape to or frmi over 
2000 formats incliidng SVa’ 514' 6 " dsk formats & 
word processors. Disk-to^isk corwereioos also 
available Call for more infoi inlrodiJdrvg (XR Scan- 
ning Services. 

Pivar Computing Services^ Inc. 

165 Arlington Hgta. Rd., D&pL #B 

Suffab Gruve^ IL 60069 (BOO) Hi-Pivar 


DATABASE MGMT. SYSTEMS 


dBASE file access from C 

Coda Base 4 Is a library of C routines which 
gives complete dBASE or Clipper tunctlonaL 
ity ar^d file compatibtlity. Use DOS, Unix, 
OS /2 or MS Windows. 

$295 with Souirel FREE DEMO 

Sgquiter Software Inc. 

c^all (403) 4396171 Fax (403) 438^7460 

Inquiry 619. 

DEMOS/TUTORIALS 


INSTANT REPLAY III 

Build DerrxTs, fotcrials, Pcqiutypes, Pteserrtatiorts, Mu^ 
TtfTied Keytosfd. Macros and Menu Systoim Includes 
Screan Maka; KBystrakamme Editor; Progiam MemorizHT, 
and Animator Becd Gfsaf Revievr^ Simply Ihe BEST Not 
copy protected. No loyaltiefi. BOday sdisfodjon money- 
back guar IBM and Compatb Sl4giS5 US,Chk/C[ Crd. 
Derripo Olskstte SSjOOl 

NOSTRADAMUS, INC 

RO, Boat 9252 

Salt Lalte CHy, Utah 64109 (801) 272-0871 


Inquiry 620. 


DISASSEMBLERS 


dOxSe .EXE/.COM to .ASM 

‘ J^curttely ncontiruct. stud^ & modlly [64K+| progisms w[lh 
a cf Inptrf Of adding oi MpvL 

• Atsamfcly Mnguaga outpul to MASM Sx-compdibift 

• Exhauatirt noi^tisoe disUngutolw* Md* ftan iata. 

• B«9l ftinitds tor oach. Comrnem«t BJOS cbIIbIDOS luno 
tloflA. SEGMENlTPROCtoDiiH vllal psaudo-opaL 

PC-DISnDATa (SVa" disk & manual) $165 

PRO/AM SOFTWARE 

^ Cardlgmi Road. Cartianrille. OH 4SAS/9 
(St5) (9 A.M^5 P.M- EST M-F) 

Inquiry 621. 


SOFT-X-PLORE 

Sm '■BYTE's May '68 issue pg. 7B." □tsasssmble 500 
Kb n program al 1D,Q0a^Ln. f ] in any fi(s, ROM/RAM 
memory up to 60366 Instruction set fSOfT-Kiikin: 
‘ is for MS/DOS ZQ+ sy^ms 

* uses 30 algorithms and seven passes n 

* pnty $99-35 plus S&H w^SO-day guarantee. 

To order call (SOO) 4454656 or Into (203) 953-0235 
Or write: HJSWANTEK INC. 

T7B BiuaKsids Rd.. Ne^ngton, CT 0G111 
* beai on the ifiaHcat MC/VISA accepted 

Inquiry 622. 


DISK DRIVES 


PS/2 DRIVES FOR PCs ATs 


GompatlKil/PG..S27B' 

CompatiKiit/AT .. . i2l9 


Suilt-ln floppy comrollers—no pfoblom. 
Supports mutllpio driws and fbirnats. Lets your 
computST use IBM PS/a 14M diskettes pitm mof^! 
Caii for rurther Snformeiion or to place an order. 
WS4/MOCOartCWECK. 

Micro Solutions Computer Products 

132 W LtTKdn Hwy, OeKaJO IL 60115 815/756-^11 

Inquiry 623. 


DISK DUPLICATION 


SOFTWARE PRODUCTION 

■ Disk dupEfoation 

• Warehousing 

■ A]] formats 

• Drop shipping 

« EVERLOCK copy 

• Ful11(lnwirit 

protection 

e 46-hour delivery 

• L^jetbleeve printing 

ii Consyltation 8 

« Full packaging 

guidance 

services —. « ■ 

Star-Byte, Inc. 

2S8Q Bergey Rd., HameU, FA 1S440 

215-957<247D 

eOO-243-1515 


Inquiry 624. 



Inquiry 625. 


EDUCATIONAL TRAINERS 


TMS32010 DSP 

GQMPLETI E0UCAT10I4AL TRAINER for the 
TMS3£tJ10 Digital Signal Processor Including a 
MC68000 host processor, povwr supply, serial Interface 
with software, 32010 and 66000 cross-assemblers 
(hosted iHi a PC). ffocumontaliDri. sf^ertiatki; opisrating 
system, cables- Starting Prices—$7^00 

Phone URDA, Inc. 

1-800-336-0517 Of (412) 6B3-8732 

Inquiry 626. 


ENTERTAINMENT 



cnosswono pu^le program $95 

Wbrdsmith sutomatically constructs sym¬ 
metrical crossword puzzles from 40,000 
words ir^ user modifiable lists. IBM/Compati¬ 
ble, 640K memory. Hard drive recommend¬ 
ed. 5-1/4"" or 3-1/2" disks. SO-day money- 
back guarantee. 

COLLINS SOFTWARE 

J.L. Collinfi, Box 11Q. S7SA Island Dr.. Alameda. GA S4S01 

Inquiry 627. 

HEMESfS~ Go Master® 

Ge. a game of atmtegfo etaganee, hae been a ^ay el 
nfo in Ihe Orient for over four thousand ywras. Many con¬ 
sider Go liQ be Ihe secret of the Japanese business- 
man^B auqcass- ‘"Whila chosa is m gsmw of war, Qa is 
a game of markst share'] President of Nlkko Hoteie]. 

"If you era Interwileid In Oo, buy thie pregrem;' 

Game of Ehe Monlh J. Pchurnella BYTE 7/^ 
ToyO^Of 1^^- Laader h Computar Go. 

76 Bedford St. IV^Y. Lexington, MA 02m. (617) SSI-OASB I 

Inquiry 628. 

FLOW CHARTS 


FVow Charting 11+ 

Fcf IBM and compatibles. Il will amaze you with Its 
speed, power and simplicity. 26 standard shapes with 
over 120 elies — 10 texi fonts — 4 line styles. Place 
tect. Unas and shapes anywhere pn your ch^. For only 
S229 you'ii never draw another chert by hand- 

Patton & Patton 

81 Greal Oaks Olvd.. Sen Jose. CA 95119 

1-800-525-0062 Ext. 42 (Outside CA) 
406-628-5376 Ext. 42 (CA/lnt1) 

See Dur ad On pape tOS, 

Inquiry 629. 

WINDOWS FLOWCHARTER $79 

RFFlow Is a professional drawing fool for flowchans 
& org charts (requires Mlcroso>fl^ Windows). 75 
shapes automatically adjust in size. Move, copy, 
delete groups of objects. 7 levels of zoom. Move 
flowcharts to other applications via the Clipboard. 
Supports Window printers, plotters, and cartridge 

Of soft fonts. Call fof free trial disk- 

RFF ELECTRONICS 

10^ Banyan Court. Levsland. CO 80^38 
(303)663-5767 

Inquiry 630, 

STRUCTURED FLOW CHART 

N^had creates Na^i-Shnelderman (structured) 
nowcharts from a simple PDL. Kay words define 
structures Si text strings appear In the chart. Easy 
to create sven eester to revise! Auforo^lo chart siz¬ 
ing, text centering. Translators from many 
languages availably Pof Mac and IBM F^. 

SILTRONIX, INC. 

PO. Bex 62544, San Diegov CA 82136 

1-000-637^908 

Inquiry 631. 

FOREIGN LANGUAGES 


LEARN SFANISHI LEARN JAPANESE! 

A niw. ttasy way fo lewn a foreign languagB. Complelfl In- 
foracliw foaming arrvironjtierrt wHh pop-up dictionary. 
hypeftBxl ianguags rotomncfl. and fiJl mouss suprKjrL Con- 
emphasis. IBM cortq>ab‘ble. Each couise snoiiidiee 
dIsiQi manual, and pmnurKiB^n laps. Call for Demo disk 
or fr» brochurei 

IVavelerfo Guild 

318 w. VWshlngfon Bl. Dspt eV8, Marx^cella. Ml A965B 
a+hour order desk! {906} 229-5030 


Inquiry 632. 
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1 FORTRAN TOOLS 


HARDWARE 


IMAGE PROCESSING 




TAME YOUR FORTRAN CODE! 

Programming tools for MS-DOS 
FORWARN—an kivaJoable aid lo Roflnan tHopram develop 
manitt Finds comnwn proafemmlnQ enora such as mis¬ 
matched paminetar lists and commcsfi blocks^ and cninttiat- 
IzBd variables. Pilnia datalted ewefs^rwea and cs«-trw 
diagram*. *329 

FOftrftAN DEVELOPMENT lOOLS-kKiudes Pratly (In¬ 
dented renumtMis, chonses 0010* to IFTHEN-ELSES, ekj 
and 6 more tools. *128. 

QuEbus Enterprises, Inc. 

106 N- Draper Avenue, Chainpalon, IL 61821 

(217) SSS'fSTS 


LATEST AWARD BIOS! 

POXT 286 « 386 

Support tor: 

* Erkhanced Kayboanls 
■ mA 4 VGA Graphics 

* as in^ Roppbes 

* Custom OrrvG Tables 

Aithonzsd Dtslfibiitof 

1-e0CM23-3400 or (412) 782-0384 

KOlUfPUTERWERK, INC. 

851 PaiMew BM.. Pittsburgh. FA 1S21S 


ZIP Image Processing 

ZIP brings afibfdableL aopht^icated knaqa pnocessing to 
the PC. Capture vid« hom caiT)ere/\^R. M^rakms tor 
fmag^ise^ WHtow Pubs VGA. HFTT 512xSl2. aeriel 
ImagsWIse (for PC/1apt)op/PS2) (lame pabbeis. 

Call (3MJ 982-7833 to Older (VISWMC). ZIP starts at m 
frame grabbers, $333. 3D-day moneyW^k guarantee. 

Hogware Company 

470 eellevfew, St. Louis, MO 83119 
(314) 962-7833 

Inquiry 63a 

Inquiry 639, 

inquify 646 

1 GRAPHICS 


INVENTORY MANAGEMENT 




Flg.P - The Graphics 

IBM PG)'PS£ program fw supreriDr WYSIWYG graphs/ 
charta^tldfiSd Fbaodble data InputMU. Unoateurvea/ 
ragreasonGAcatters^rs, more. Ania breaKs/e^nd-sag- 
memtsAantir baia, any styto, Labels^^bols/booea/ 
amm^ mcfe. Slore llg tompl^ea. Fast pmf^ional out- 
pul ta lasara^lklamakaral^loners or expon to WPS.O/ 
Ventura otc. FREE DEMO! $399 

BIOSOFT, po Bom sea Miiitawn, Nj geaso 

(2(n) 613-9013 FAXl (201) Ol3 8800 


Maeliitosh^ Parts A Rapairs 

Programs lor the corporate, govornfoont. 
doalor ar>d educational buyer. Call tor kll. 

Save up to 55% on Mac II CPU 
800-274-5343 / 617-891-8851 
Pfa-0wn#d Electronics, Inc. 

30 CierTiatiS A™ • Wafthamn MA 02154 
Macintosh a tegl^red tiadenwk of Apple Oomputei;, Inc. 


STOCK-MAirrEn 

ComrfMrcIsl grade tovRvtoiv rewingemcrtt 
■Dhwm at nrlcn prloH. 

■ Supports Btl 12 * Stock Smus Hepcriing 

trenaaelton fjipes • Activtiy History Analysis 

• Itond Anstysis • BIB at Wafartals 

> Quality Continol “ Purchass Orfar Vitettlng 

» Multiple Locettors • Ordar Entry 

• PiMcheae Oder Thacking • Material fl^uin&merto 

• Open OfdBT ftepoiling • On Una toqulry 

’ Ssflte/Lol i Tracking 

Appllwl Micro Bvelrtei* Syttoni*, Ine. 

1T?f RhAtSkM ttowpon Bstt:h. CA B!»e3 Tt^TSftOSaZ 

Inquiry 634. 

Inquiry 640. 

Inquiry 646. 

1 HARD DRIVE REPAIR 






HARD DRIVE REPAIR 

WE WILL REPAIR YOUR HARD DRIVE AT A 
FRACr lOH OF THE COST OF REPLACING IT 
FA^ TURNAROUND!!! CALL FOR DETAILS. 

H & W micro, Inc. 

528-C FOREST PARKVWV 

FOREST PARK. GA 30050 

(404) 366-1600 


NEED AM EXTRA SLOT FOR YOU R S-aiT PC? ' 
Add: LAN MODEM, Accelerator Card or , 
Rxod Disk andtor 3Vi" Diskette 
RMFs 200VF2H2 Single Card Controllor: 

• Uses only one o^toanslen unh 

• Supports two 3^^ andtor 514 ■* disksne drives 

• Supports hm fixed di&k drives (up to 14Q MB each) 

■ On-board 0ilOS, automatically handles any oomb. of 

drives 

RMT 2m-fzm ..... .THE SPACE ODYSSEY 

RMT SYSTEMS, INC. (714) 863-1092 


dFELLER Inventory 

Busxies inventpfy pfogiams wrtJten in rrvotffliflfcla cfBASE 
source code 

dFELLER Inwentory 115000 

Requires dBASE (1 or 411, PC^DOSTC^PM 
dFELLEn Plus ISQOjDQ 

With 4-flstory and Purchase Orders 

Reqiwffi rfiASE III or dMSE Nl Plus (For ^ockrooms^ 

Feller Associates 

560 CH PPA. RoUlfi 3. ishpeming. Ml 49849 

(908) 480-6034 

Inquiry 635. 

Inquiry 641, 

Inquiry 647 


HARDWARE/COPROCESSOR 


LANS 




DISK DRIVE REPAIR 

DATA RECOVERY 

SALES of new. remanuradured and . 

ramovabia dlak driYBS 

FULL TECHNICAL SUPPORT 

ROTATING MEMORY SERVICE 

1S06 Dell Awanua, Campbell. CA 95008 

(400) 370-3113 

We bvy used drtv^s good or bad 


DIGITAL SIGNAL PROCESSOR 

DSP pmducta far fha IBM PCflCTWT based on the T1 
TMS32010 and TMS320C2S up to 12 MIPS operellon. 
Designed tor ep^illcetton* in iTommuntoattons, in- 
strumentalton, speech, and numeric processing. Of¬ 
fered with 12 bit 110 KHz A/D and DiA end corv 
tlniioiJS4o-dhsl( data aoqulslton & pfaybeck option . Frtmn 
3650 

DALANCO SPRY 

89 Waetland Awe.n Rechestof, NY 1461B 
(716) 473-36T0 


The $25 Network 

TYy the let truly towKxnt LAN 
" Cgonsd 2 or 3 PCs. ATs 

* Usee esrial pcite and &wirB cabls 

♦ FlitoS at 115K baud 

• Risis in bflcxground. tatalhr traraparent 

• Share ar^ devtoe, any ifi&. any Urne 

* Needs <ifJly WK ot ram 

SkepUi^ W» mato beltevtorsl 

Information Modes 

RQ Drawer F. Denton. TX 76202 
817-387-3339 

Inquiry 636. 

Inquiry 642, 

Inquiry 648. 

HARDWARE 

1 

LAPTOP COMPUTERS 




BUILD YOUR OWN MACINTOSH FROM 
CATALOO PARTS-THE CAT MAC 

New book shows how tor 

• Save $$$ MF new or used si^ems or on 
upgrades 

• Which QM Mac modal to buNd and why 

• Have fun, gain experience, break no towe 

Only $24^5 postpaid. VISA/MC check, M.Q or send 
#10 SASE ibr free Info. Bookslam/bulk ordaia InvileclL- 

BRANT ASSOCIATES. Dept B 

PO Sffi 6e7C^ 4420 3E Mark K^ly OL, RirhanEl OFE 97266 


EMBEDDED SYSTEMS CONTROLLERS 

9C4^ PCS (iwr«t«r copnMuor SviteAl imS pcsai itb 
PCA niffl-pbflHii iMwuL 16 tfld bit. ts Mips mmm so hOPS 
IWna. PCS UBMlIiaHarriiirne 3000- !&« RISC muffl- 

pfler, M Intom^A, 3 Lnwribountore. lb bW- PCSSe uses 

the DM SCSI RISC ^.bil CPU Pricoa ^ m S2.2BS 

SCIFOX sac Bamnl Computwl 1b hii tB MIPS bvww SO 

MIPS bmt, sunXHtl BOB slBnd.BkirM computar tor 
SOFOKSCSIiroaeplug^ PCSDrSBCclBugttobqato wMisqe- 

WWI tor teas Rareid»riiapimi^«]nmHfBndiMledkllaMtaraiibflcldod 
rMHlmt coneoi, iignBi pratening, nt dA ax^naion 

SlUCON COMPOSERS, INC (asi 3^^ 

200 Catltomia Ahl. Peto Ako, Q4 94300 


Laptop Savings 

Laptop®: Ttj6hllba • Zenith • NEC * Sharp 
* Epson • MHsubishi * Compaq 

Also Laptop Accessories: Moctenns, Fax Modems, 
Extomal Drives^ l^tortabte Printers. Memory, Ktoy 
Pads, Hard E3r1ve5, Batteries, and Auto Adapters 

Computer Options Unlimited 

12 Metden Lim Bound Btedk. NJ <18806 

Phoner 20T-469-7678 (Fax: 201-46&-7S44) 

Hours: Sam/tOpm 7 days Worldwide sales 

Inquiry 637. 

Inquiry 643. 

Inquiry 649, 


CHIP CHECKER 

• 7^S4 TTL + CMOS • &OQO Nai. + S^nflliica 

• 14^«lfl0 CMOS ' 9000 TTL 

• Pin ChJps •3'" + a" IG witUhs 

T^sts/ld«mifies oww 650 dlgftaJ chips with ANY type 

of output in SAoancfix. Also (ssls poputsr RAM chips. IBM- 
comp^bts wBfston $250 0128 + C84 version tisa 

DUNE SYSTEMS 

2603 WUIa Dr.. 5L Jwph. Ml 490B5 

_ (616) g83>-2352 _ 

Inquiry 638. 
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HEAT TRANSFER 

I I 

LAPTOP PERIPHERALS 



flran&tor 1 

QUKX SOLUTIONS TO THERMAL PROBLEMS! 

■ Optbnize Design Selsdtons 

■ Analy^ Thermal Flow Paihs 

• ImpnM Ftortormance and Thmughpuf 

* Contml lAamvup and StabHlzalion 

Johan$on Electrothenn Corporation 

203.582-1864 Rw 303-569-4893 


LAPTOP BACKLIGHTS 

Fatztory Inatallsd • SO-Day Whmnftv 

Toshiba, Amstrad, Sanyo, DG. 

Kiaypro, IBM. HR ato. $295 

TTw ftjrtsbfe B^fiptwrais Rsppte 

Axonix Corporation 

(801) 466-9797 


Inquiry 644. Inquiry €50 l 











































The BUYER’S Mart 


LAPTOP PERIPHERALS 


TOSHtBA TV300 T1200 T1100 T3100a 

PCH1PHERAL8 T1«00 10/20 T010O 


OMir/ Aclfe(4«F)U< C<^ PICSSTF PXM PQD PV)* 

\Wlk;lti B^ty AdbfM X2^ AU AQO# 

Buill-tn 24DCU^ Moddrh MZ4BI 

Inlanuj 24D[lbpB NKfem MZ4IC . -M24EC A M2^Bi - - 

aingto COMM3 J^'ort Card azaZT-SZ32E - 

Dual COMMS Port Cart - DE32E - 

fflCSl lutertaw Cvd -BCSIE - 

PRODUCT R&D Corporation 

11»4 PaciCic St.. Suite 201. San Luis ObiapO. CA 93401 
(«06) 54«-9713 or (300) 234-5534 


Inquiry 651. 


MEMORY CHIPS 


FREE 

FREE 2* HRS-? Wire 

1-600-330-1531 

Memofy for IBM? 

FREE RAX 

S4HRE—7Dffire 

Best Memory 

1-000-242-5751 

Prices in US.A. 

McDonald 

SIMMS 

DRAM*MATH 

and Associates 

CO-PROCESSORS 

WHQIE^E EnSTRIBUtod 
fflf CWaGfflF 
musiitr Pfmsmms 


Inquiry 652. 


MEMORY PRODUCTS 


056K 

LOW LOW PRICES 

DRAM 2S6x8 SIMTSIP 

1 Meg 

DRAM 1 Megx0 5I M/SIP 

256x0 

SIM/SIP 1 MegxB SIM/StP 


All Speeds 

INTEL 

9097 - 90297 - 00397 

Ail MHz 

R & R Electronics 
1-800-736-3644 


Inquiry 653. 


MONITOR INTERFACE 


COMPUTER VIDEO GENERATOR 

Test EGA. VGA^ Muiti^nc & Data Projec* 
tors with handhdd monitor taster From 157 
KHi to 64.0 KHz, battery powered, 4 pat' 
terns, all plug-in with no adapter cables. 

NETWORK TECHNOLOGIES iNC 

SW^HQB'-TECH 111 OH: 21(l<-543-ie4fl 

UK: 0244-600470 Peris: O1031-47&.327B9 

St* OufAillOfl ^ 40 * 41S. 

Inquiry 654. 


NETWORKING 


NETWORK BUSINESS SYSTEMS 

Ksfycard Eilminator . 

.$ 99 . 

DOS Eliminator . 

. $ 99 . 

ELS Utilities... 

. $ 59 . 

Netcrack (lose password?). .. 

. $ 99 . 

Getdisk (get BIOS drives}. 

.... $ 59 . 

BIOS Tools (palcti drive tbis). 

. $ 99 . 

NETWORK BUSINESS SYSTEMS 

^^ 1 S Wffodhollow Dilm, SuKs HM. Houston. TX 77057 

^TTJ; 783^457 



Inquiry 655. 



Inquiry 657. 


NEURAL NETWORKS 


MaeSraIn™ 2.0 

MacSram 2j0 Neural NeNvcrk Simulation Software for the 
MacIntoBfi CindudAS HypafBrBJn"): Gfaphical. tnueractlve, 
rnenu-driven. Foil Range of neady-to-oee paracirgms, Oom^ 
pletBFy modiflabtfl using HypaiSrah. Ejiynrt SvEtems, pradk> 
Nsrt modeling. combinetdHdl optlmt^ESiian and mom. Plus, 
SE and II iamlfy: HDI-Cliciius parallel processing wfinn 
availaWe. OT95.y5795. educational 

NEURIX 

1 Kendall Sq. Suite 2200 Gamtnidge, MA 02139 
ceiTj sTAizoe fAXr (fti?) 577-1209 

Inquiry 658. 


OBJECT ORIENTED TOOLS 


OBJECT-ORIENTED TOOLKIT 

TRIPLE your productivity wHii Complel* C™ 

Tbe only etofect-ofienled daweiapTrieni uHFiiy fot C wim pra- 
compiier. loundshun dseees (eoucice coda foduded). in- 
tograiad makOr resi-time dobug^r. Docutnantailon Genacakv. 
Applicallon SheemEnet Ubrsione 1^DOS($A4fii), SCO-XENtX 
($495). QnK (^9) wllh lull inchri'icaJ support. Other ports 
auailsIiJe MPOn FOguOst. 

CompJ«to Computor Corporotlon 

111 Wed 571h Sl„ Sute 140a NY, NY 10019 

_ 212-582-2635 _ 

Inquiry 659. 


PROGRAMMERS TOOLS 


LAN Application Development 

NPPCt High partormanoa library roullnes callable from 
C and Assofpbler. High level ir^rfeoe permits raptd 
dofuelopmanl of peer4o-p«r, diaintibanvr, rsr multi^rvar 
NetBIOS appIlcatlDca under DOS. Syndironous or 
Asynchiorioue maasaga oontiol Compiad Ckida. Sourcs 
Avail. No Royally. NPPC $405 

Applied Software Technology 

PO 0C1K 307, Dpt. N, Lds Gatos. CA 95031 

(BOO) 6784t11 ext. N1 


Inquiry 660. 


HYPERINTERFACE™ 

Menu Ctealor" — A program generator lior rnenu- 
driven uaer iittertaiCe. Ex^lant for complex mofiu 
systems. $099S. Advanced Library -- Extended 
capability tor da^ entry and advanced l^-disp^ay con- 
iroi iTom your programs. ^.05^ FORTHAN, Pascal, C, 
BASIC aupported. HYPERMATH- - An appIK^bn d 
Menu Creator- and the Advanced Library. FREE 
AvarifVFO Oorfk. 

Ra Box 969. Pacific Palteadss, GA 00^72 

_ (213) 454-3866 _ 

Inquiry 661. 


PROGRAMMERS TOOLS 


Hav« Same Sourea for UNIX and DOS 

D-ISAM—Unix standard IndsDCBd file m^agemanE flbraiy for 
UNIX DOS srtd NHTVyORKS. Manage? all locking. UNIX/ 
DOS source 1595 (for both}, DOS libs* $145. 

■W'—ChofadOf windowing wUh COLORS, Una Oraphica, 
Sella and more. Ybu need nct rnodtfy DOS code to work WELL 
on any UNIX larminaJ. UNIX/DOS souioe 3295 (for both}, 
DOS libs* S9S 

BYTE DESIGNS 

BO. Bom F10&-76, Blaine. VM 9S230 

1-000-663-8547 or (604) 278-5200 

yOOS Stis avallatilB Ibr M/awi^ or Boriand ID' cornpifBfs} 


Inquiry 663. 


Bsupport for Btrieve 

The "Norton Utlfktles''' tor Btrieve users. 

Bedit: DISPLAY, UPDATE. COPY, and DELETE. 

EXPORT SDPtodSABE a LOTOS. RECOVER dam^ Hlee 
Edit/lneed using Data Dictionary. 

Sbog; TSR ftdoue debugiQsr. Dtegays Into in pop-up window 
Sfun: BURL nBptecamonl with Rim-Time and C souroa- 
Bodit/Bbug: Sim Bfun: Sim VISWMCyCOOfPO 

600/359-2721 RAX: 517/687-2366 

Information Architects, Inc. 

P.CL Box 4104, East Lensing, Ml 4892&4104 

Inquiry 664. 


TURBO PLUS $149.95 

Programming loots for uso with Turbo Pascal &0 A 
Scman Pafi}lm Code Generaton tiO Fields, Dynamic 
Menus, Ffogramming Unit LjibfH/illae. OOP Support, and 
Sampio Programs ^^ncifoded. Aff /JEWtines' urorilf w bcSh ftBfi 
and graphics modesl eo-day money-tiac^ gt/a/aniee/ 
Demo Dfsilr avail. For IBM and comp^ibies. 

ArOSTRAaAMUS, INC. 

m. Bac 925?. S^if Laka City, UTa4J0S-BSS2 

(B01) 272^0&rt 


Inquiry 665. 


Get mSIDE! 

The best PC sofhvare p&rtofirianoe tool is now bettor Ihan 
ey«F wilh aoun^e line tirrHing. cairer firning and erbltniry evenr 
tlmLfi^all with fnicroflacond ajsoursoy and without source 
modihcatlon. The expanded DOS analysis mode identifies 
f/n bottlenecks, 312S 

Cell today tor a hee btodHjra end the latest list of supported 
oompllafs. 30-day guerantee. VISA/MC/COD 

Paradigm Systems 

RO. Box 152 , Mlltord. MA 91757 
( 009 ) 537^5043 In MA: ( 500 } 478-0499 


FREE BUYER’S GUIDE 

Programmer's Connection is an Independsm dealer 
napresen^ing more then 45C majiufacturiers with iTuer 
10QO aoftwara products tor IBM personal oompLleto and 
Qomperiblea. Yife have $arvloed the professional pro¬ 
grammer since 1904 by offsiing sound advice and low 
pficee. Cal! or wiHe today to recotve yoor FREE com¬ 
prehensive Buyer's Guide. 

Programmer’s Connection US 800-336-1166 

7249 Whipple A#. NW Canada S{Kk23b-1lBB 

Morth Canton, OM 44720 international 91^9+3701 


Inquiry 666. 


Se Fa 'Urn CannHAfG Km bm to Eidi OMr KH Ibur Siatf CUi as VMJ 

CHAT — ACCESS 

AConMtCtt|li»fl mtl MKJagbig SgUign iv X«n, NMl, r4 tllliii NtjlWt seMAl. 
CHA T ACCESS la lha utonHts fei uaer Mandly aothHia,- aiwbllnp w to 
■■nd [F i M cip w, rKofn tham vid fneopa other loggedln uasn In uUacihi 
wMiMIton. Uahig gniy 1 jtotr-wrhauwa RAM TBR jxwvn). 

CMATACCESS provklM e ifl hK lagged 111 ueitta arid iwidi bn* or trf 
ItMflii a biiar niHaaga. H aiH Mwfiiea ^ tn -t>ur" t>iai uuUw uertsia- 
Uoa VinxigA IiUhscOw wlndawa Sill KniLritineousJy bain siitsa (d 
Ihe cixMieatlDfi. CHAFACCESS operAa on ^GonVa 6PUJS, S+OPEN ^MS- 
DOS watisWkin}, NonA and all ottwr PC LANe INit augpc*! 

NetBtOS _ . . 

Shany Computers LUi. 

Hechter Building, 4 Smilansky SL. Natanya, Israel 42304 
Tel: CBTg} (53) 333931 _ Fax: (972) [63) 342419 


Inquiry 656. 


TLIB™ 4.12 Version Control 

"TLtB" is a great system” — PC lich Joumsl 3/8-0. 
FuJI-featured configuration mgmt for software proleS' 
stonafs. All versions of your code Instanftfy twaitobia, 
compact, only changes era stored. Check-tn/OLJt locks, 
revision merge, branching, more. Mainframe deltas tor 
Pansdphle. ADR, IBM, Unltya. Onty $09:95 4- SAH, 
or 5-station LAN S299J5 + S&H, MS-DOS VISA/MC 

BURTON SYSTEMS SOFTWARE 

RO Bast 4156 Cery, NC 27519 (010) flSft-0475 


Inquiry 662. 


•C’ DOCUMENTATION TOOLS 

• CCALL $59 Creatos graphlc^ree ol caBw/calted iirgcturafl, 
and fllB3A«-prcoedure table-ol-contentB 

• C-HDR £50 Craates/iniseds/ijpdates headers tor each pro- 
cedute showing callertoallsd and IdenitlfierB 

- C4.IST $39 Ust. Bcllon-diagrani, reformat prograrns 

- &REF $49 LDcal^lobat/paramelar cross r^rerice 
■ SPECIAL $149 AH 4 plus Integrated C-DOC version 

SOFTWARE BLACKSMITHS INC. 

6DB4 5t. Ivee WSsy, Mlssissaoga, ONT Canada L5N-4M1 

(416) 856-4466 

Inquiry 667. 
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The BUYER’S Mart 
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C DUTCH O IVIMHI 

PUBLIC DOMAIN 


PUBLIC DOMAIN 


SECURITY 




$3ja0 SOFTWARE FOR IBM PC 

Hundreds to choos® from, word procsssors* 
dstabasss, epresdsh^ets, gsmss, totto^ com- 
munJcaHons, business, music; dJbls; art, education, 
language and useful utilities for making your com¬ 
puter easier to leam. Most programs have 
documentaitlon on the disk. 

Free I^S-pege catalog. 

BEST BITS & BYTES 

PQ Bok 0245. Dept-a Van Niiys, CA 91409 

In CA: (OtiJ TM-SSOS 8OO.Z4S-0VTE 


FI7££ CATALOG 

$1 IBM SOFTWARE 

For your free 32-page Master Edition 
catalog featuring the beet of IBM Shareware 
from just $1 each, call or write today! 

1-800-338-2118 

SOFSOURCE 

Box 826, East Lansing. Ml 48826 

1 

COP’!s Copylock II 

> Prolscla on atanrtard diskettes 
■ CBnrwl bs caplad by any devtea Ind. Dptten Board 
* RHIV t^aid d^sk Installable 
" Normat book-up df protected programa 
t tAN-ai4Jp0f1 

« Crsaiao salia damo mrsten ot your soflwam 

Sttmdard VaraiOfi *975. Autwnallc Marsiorv $1950 

DANCC3TEC Computer 

bv USr Z8» Skrtf* Rtf , S|A JCU « SSIB 4®73MIBZ V 1.BCft344.=45 

tnri; zssa iigaaii tmaiA Ptwi t4Br4iJ«a22 ^ 

Enquiry 66& 

Inquiry 674. 

Inquiry 680. 

S1 per DISK Sale 

20 TOP IBM PC PD/SW DISKS 
{360K) ONLY $20 4- $3 S&H 

QubeCatc. EORAW. AutoMenu. Math Ibtor, PC- 
DOS Help. Baker's Dcaen. Languages. EZ-Form. 
PC-Styte. PackDlek. PC-Stock. KldGames, Best 
Games. Home Inventory. PC-Outilne. Form Letters. 
ImagePrint. SideWrlter. PC-Prompt. Best Utilities. 
BhKSHT FuTUHEB iHCOBFORArEO 

pa Box losa Eaa Windsor, CT 06968 

FREE CATALOQ (fiaO por dMc) 


FREE SOFTWARE CATALOG 

Low as $1.2C^i8k 

Over 1000 quality IBM software 

On 5.25'’ and SS'’ format 

From outside U.S.A.. except Canada, 
please send US $2JOO refundable with order. 

For fast service, write To 

3 O H O F> F> E 

pa aox 36711, Ann Artm, Ml 48196-3^ 
313-761-7830 


ALUIN-ONE PROTECTION! 

TGTALSAFE gives you totaJ Becurlty: socass control, vlnw 
pnUBCflkm, dda eiKryptten, secum dinclDrlfiis, and lots morsl 
Req. PC, HD, 1 Oku (or socket). Compiletelyiranspareinl. Im 
imductory prlos: $12000 + SH {U.a). 30-day 

guarantee, Also available a comfi^ate line of PC acosss and 
dsta sscurlly products. CallAviite ter Inia MC/VISAMMBX. 
Oamnw Securttv Pmducte, 710 WHahlmehd., Sta. 609 San¬ 
ta Monies, CA 00401 TEL: 213-394-8822 FAXi 213^S&4214 

Ellashlm Inc. 

S20W Hwy 43eL Suite 118040, Wlamofla Sfjgi. a 32714 
TELj 407fBe2-15S7 RAX: 4(3^7+0103 

Inquiry 669. 

Iriquiry 675. 

InquiTy 681. 


REVIEWS 

1 




FREE CATALOG 
PUBUC DOMAINASHAREWARE 

• 400 IBM PC a compatIbteB disks • 
aoo Amiga diaka * Aiart dlaks 

PC dl^ as terw as $1.25 eoch. Amiga & ST as low as $180 
e«clit Rent or byy Fw stUppingi Cell toll free, write or ctr- 
da raaderservics tor FREE BIG CATiALDG wilti full descrip- 
tlont PI ewe speelfy compular—4e^iiF, tumerouridi 
ComputM’ Solutions 

PC Box 354 -Dept. B, Mason, Michigan 4a0&4 

1-SnhS74-e7r£ (Nt-F l0-8 1-617-828-2943 


Find “Hands-on’* Revlawa In Secondsl ' 

PC Rmriflwa Is sn aaay la u» orHIre dalstHiH IdF NCVICBS 
and PROS who nnd 10 locGttfl snd read '’Nands^Fl" rdvi&rtSi 
BYTE, Dfiia Based Mvboc, PC Today. PC M&g^lne, Com¬ 
piler Language, IWO WarkJ and 35 more Includad. Nalural 
language- troni-arkd naif* dafir* aaarcn iwmt A partgct u« 
lor a modem. ‘ Wtondarfuij''. say usari 

Compatllile TechnologlM G roup, In cl 

88 Fudor SI. «240Q, New Vbrk, NY 10038 
(2121 463-8889 (201) 8S3-7e8« for FREE OEMO 


BITLOCK® SECURITY 

Piracy SURIVlUAL S YEARS proves ettectlvenesa of 
powerful multilayered security. Rapid decryption 
algortthms, RaFlabla^inall prorl-lransparenl fiecudly 
devlos. PARALLEL or SERIAL port. Complemented by 
economical KEY-LOK” end multlfeatumd COMPU- 
UDCI^ Including oountdown, tlmeoul, date encryption, 
and mulliproduct protection. (DoaAjnbc/Mac) 

MICROCOMPUTER APPLICATIONS 

3167 Otero Circle. Lttfleton. CO 00122 
(30a> 922-6410(770.1917 

Inquiry 670. 

Inquiry 676. 

Inquiry 682. 


SECURITY 

1 




SI DOLLAR DISK SALE! 

$3 SAH. SHARmWkftE — IBM SW " 

18 DISKS ON SALEi FtESUME SHOR DOS TUTOR, READ- 
FAST. THESAUR PLUS. PC-STYLE, MENUS (or WORD¬ 
PERFECT. GRAPHIC CONVEHSIOMS. EGA DEMO 1. SLIM¬ 
MER, EORAW, CHARTS UNLIMITED, SPANISH 1. 
AUTOMENU, MEDLIN ACCOUNTING, EZ-fORMS, ZIPKEY, 
PINBALL, MAZE GAMES. (Reg. $300) FREE e4'PAaE 
CATAUDOF Caneds add $2 38H. Foreign add 82 S8H 

CWI Information Services 

PO 0OX 4S6V Anatialm, OA 92903 

Phone {7141 879-5423 or 1-800-777-5635 


EVERLOCK COPY PROTECTION 

* TlrwirU ALL Bll-copy ScKware 

4 PmiKt any CQM^XE Wd Souma cuangee 

* Stiul down (^bug TVacing A DlsasafStoWem 
w (naiall to Roppy. Hard Disk, or LAN 

* nerncrely raeat Program inEtalLOuint, Eitpira- 
Dale or lEnaoulai 

* No damagad macNa or UO plugs 

For IBM enci donas. $195 & up. Fras Intel 

Az~Tech Suftwmrmr inc, 

306 Essl Frwihlin. Rtehmond, MO 84085 

(800) 227-0644 »« 


PC Security “Password” 

With AH tfm Computar Security Thih. AASSmJWD 
ta tha Parfact Sacuftty Loch, 
r^4h»rd li a HftiMrs proonm p(OvUte|j Hcurtty br PC Pasvwd 

h Eisy to widanund aad simpto to tostatl, mqwrn w nfDnnaqlu. Tha 
boat IlmH; option taoure* your hard dsA. PmsaHixd ikhUbg kv tip to 100 
i 4 fl«n WTih Hm lupenriicn coiSiaHing flccea to pnMetod dHSCtorltl, 
PkBflKird If menu-dmiin wHti pap-up windinn ind tttip tCfStn. Th* pm- 
Onm pnaridn toi mill trail lit u&m. ind S icrMn bianhing luiM. 

FASSYtofto IW.in UB Vlpf, Kve Amn 

Hasdec International Inc. 

2?1>l-85 Darty Street, Wlnnipag MB Canada 4dS 

PK; (204) 056-2798 FAX (204) 043-3702 

Inquiry 671. 

Inquiry 677. 

Inquiry 683. 

TOP 10 IBM SOFTWARE-FREE 

to pfogisfna on to disks - PC WrJlsi. PC Date 4^, T«i#/lew. 
OsrCed. RIa Esprwe. Mofefl's Rewenge. HGdSM, Novajnjn, 
Hems Bean, Specewais, plus 1609+ dish calatog « lAto ac¬ 
cept Vtsa/MCrAtnex 

E%Y OfILr $5.00 shipplngtaitllng 
limited introductory offer 

International Software Ubratv 

511 Encln^as Blvd. * Sta 184 • EnckillW, CA 92C24 
ardar today (819} a42-EHi{ie 


THE ULTIMATE COPY PROTECTIOH 

• QomplstaLy Many Orivsn 

• DafoBle aN HfirdwaierSoftwera CofXers 

• No Souics Coda Changsi Stmplf 

• MulWpla Layering Ths 

• No Damag^ Madia 7o 

• Full Hard Dish SuppOrl ^ 

■ UnllmJlid Mstorlng ^ VkUabto 

• FHt£ Demo Disk Softwan lamttmani 

STOPCOPV' $325” STOPCOPY PLUS'* $450" 

BBJ COMPUTER SYSTEMS'® (30i)8n-ioi4 

14k» Hwttsgi La., Bilvsr Sprite MD ZOiH RAX: (3011 4SO-7545 


COPY PROTECTION 

^ he WOdd's leading Boftwars manufiicturBns depend 

1 on Sottguerd copy pmtectlon ayeiams, l^r FREE 
DISKETTE intnoducea you to SuperLock™—Jnvialbte copy pn> 
iscllon ter IBM-PC (and oampatlbles) Sod Maclolosb. 

• Hsid diak atipf»d ■ No Murca code cttsnges 

* Customized WTsfons • LAN eupporl 

- New upgrades available 
(406) 773-9600 

SOFTGUARD SYSTEMS, INC. 

710 U**Wiy, Suite 200, SennyvBiB, CA 94006 

FAX (40ft) TT3-1409 

Inquiry 672. 

Inquiry 678. 

Inquiry 684. 

FREE IBM SOFTWARE 

FREE CATALOG also containfi SHAHEVS^M^. 5Vi 
and 3\^-Tnch. All catogcxlea. ENGINEEHING, GAO, 
DESIODP PUBLISHING. LANGUAGES. LftlL- 
ITIES, BUSINESS, GRAPHICS. SPREADSHEETS, 
WORD PROCESSORS. CHURCH, MEDICAL, 
HEALTH. EDUCARON, HOME. 

SECWR SYSTEMS COMPAHY, ma 

0^. S11.416 Ocean J^ue. Marblehead. MA 01945 
(617) 539-2026 

i 

SECURE YOUR VALUABLE PC 

Is your DOS PC secure 
agalrist Intrueiorv? Data theft or destructicn? 
Blllcan 'WatehDag Is 100% tiardwore plus software pndteo- 
llon, uribeatabis onca installad on your PCl For $4995 US 
you gel your pefsorul fr-W' disk and deteilod stOfMiy-alap 
hardware upgrade bnstructlons. Saltefacdon guaranlssd or 
your money bock (providing all inslrucOona ware toUowact). 

CompuSec 

Unit 1t9. SS Ellersite Avs. 

Tbronfa Ontario M2N 1X9 CANADA 


HANDS OFF THE BOARD® 1 

1/2 SIZE SECUflITV BOARD 

Stop floppy boot — Requine psssfHoid la boot PC 

Rsoklme disk encrypt — pravent boot »cter virus 

Prevent DOS FORMAT/PDtSK and low-level tefmate 
set tianJ dish READ ONLY or turn ONXJFF 

Tum (tepples. piimara and COM ports ONA>FF 

IBM XT AT Bus - DOS V3L0+ - $14995 + $£fW StH 

SYSTEMS CONSULTING INa 

PO BOX 111209, Pftteburgh, RA 15235 
(412) 78t.52e0 

Inquiry 673. 

Inquiry 679. 

Inquiry 685. 
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The BUYER’S Mart 


SECURITY 


SOFTWARE/BUSINESS 

1 1 

SOFTWARE/ENGINEERING 




HANDS OFF THE PROGRAM® 

OPERATlHa SmEM SECURITY 

SocMFca (lias, pflriara and (kippiss 

^ftyboBfd lock — aulorrutic or rnanual 1 

Log PC l3O0<, program eitec, Fiile opws, hjganrtoQoirtg 
ProvefiEB DOS FORMAT and moal vIhtjsm 

Drive A; B<M ProteCtkjii ; Hen) DiSH UXH 

IBM PC Ef lOim comp. - DOS VM+ — $09J95 + *3.75 S(H 

SYSTEMS CONSULTING INCX 

PO BOX 111208L Pkttafcofgh, m 15236 
(412) 781^280 


LOCATE NAROTO-FIND BUSINESS 
AND STATISTICAL SOFTWARE 

Economefrlcs • Btaineiris • Clmler Analyitt ■ MiiillwMe Anahialt 

V MarkBlIng * EsqMnrneftal StHtlstks . ANCkA * Hagree- 

siqn « Unapr Progrginming • Ptn^ Plan™ - FofBcaifling S Tlme- 
S«He& • Sakft A MflriiM FsitMilng • Qtiallty Control and induslrliil 
EsperimaiA «f^ramstar and Tbleirancs Da^n * And Many UofaC 

aewD ron free product ou/dei 

Uonheart Prass, Ina 

PO. SCBC 37S, Aiburg, VT oa^o 
(514^ 933-4918 FAX: (514) 939-3087 


SCADA SYSTEM DESIGN 

IBM PC or compatible 

SupwvsOfy Control And Dita Ar,qu5itiofi mod Jar do^gn sofi- 
wars includes intBraaivs senwns for iizing RTU parametsrs. t 
modem speed, aa, esrtensive futoda, prowaon tor engineer¬ 
ing analysts mo<fijles, addiessing stability & cortrd and alter- 
npti« t^neflogisa tor DommunkaHons subsystems. $450 
Engineering modites priced Nfvktoaiy, and de^bed in free 
catalog. 

AilftASTAR /JVFDRjIf/inON SmfJlfS^ /JVC, 

Suite 320,12001 N. Cerkrei Ekpresswey, Dallas, Texs^ 75243 

(214) 770-1958 Fax (214) T70-1954 

Inquiry 686. 

Inquiry 691, 

Inquiry 697. 

SOFTWARE FOR WINDOWS 






TOME'" File lyacklng 

Keeping track o) your filea has never t»en sealer. Toms 
craatea ^ malmaina a con^snhenBtva IIA at disks and Mssl 
Use iMUi Ploppiae or Han) Odvas - Sort Now you warn - easy 
to use - Online Help - Fteq. Windows 24 . Ideal lor bualoess 
w pMrQonai usel 

S7S135 (orders reoeived by Deesmber 15 , isag Jgst $59M) 
CA reektanis add e^b sales tait. 

CC&C industries 

6089 Evelyn Aftrenue, Rohnert Perk, CA 9492B 


DATA ENTRY 

KeyEnftry III*, a ooinpleta Data Enlry Systaifn thai pmvides 
all the capatMlities for designing diAa entry apgIfcBtnnB, con- 
tnHIing data llow^ * mdniiorirv^raportjng apeialor activity 8 
pefformance. Supporis UW end stend^Jone erwiromments, 
Evalualion copy jafi programs & documerTtalmn) avallafatSL 
Call today fijr intginnationl 

Soulfiern Computer Syeteme, Inc. 

2732 Geve>mh Avenue South 

Blrmingtiam, AL 35233 
(800) 533-6879/(205) 251-2685 


Affordable Engineering Software 

FREE APPLICATION GUIDE & CATALOG 
Qroiil Analyas • Root Ldcus * Thermel Analysis * PJol- 
ter Orivera • Engineering Graphics ^ Sig.pal Pnocffising 
• Aaive/Passive Fier Design * Transfer Function/FFT 
Analysis * Logic SimiulatlOn * Micrioefnp D^n • FOTS- 
OOS » Macintosh • VtSA/MG 

0V Engineering Professional Software 
2023 Chicago Ave.. Suite B-13, Rtverside. CA 93507 
(714) 701-0252 

Inquiry 607, 

Inquiry 692. 

Inquiry 696 

SOFTWARE/ACCOUNTING 


SOFTWARE/CELLULAR AUTO 






PC T!ME CLOCK 

is en Employee Management System Ehal 
allows you to turn any into an Electronic Time 

Clock. AutoTlme pfovj<(es Time & Attendance, Job 
Casting, Payroll Interface, and Labor Distribution 
reporting. Network compaiible. Prices start at $495. 
Other Business Products: Network FAX, Absence 
Caiwn. db-EDT 

ChflB# TechnologlBS 

1617 Kingman Ara,. San Jose, CA 95128 
(408^ $96-2817 


Waifl to ffl^jlore an antiraly new w^ to computo? With 
Autodesk's Cellular Autonule Lib and your IBM* PC; 
creating daz^lng animattona, simulating domp^ek physical 
systems, expkinng massively panallet computatlen, and esc- 
peiiinanting with artificia) Ufa is just the beginning. CA Lab' 

IS your passport to the ttontlers d computing. Includes a 
250pa9e Irttoxtoctiori to cefidlar aummsia by award-winning 
author Rudy Rucker. $59.95 

Autodesk, Inc. 

2320 Marinship Way. Sausallto^ CA 94965 
(900) 525-2783 


MASS & VOLUME CALCULATOR 

WITH MATERIALS DATABASE 

CalculatB the vpluTiin nf dozens of shapes easily with 
M6ss2. Weights are calcoletod tor over 700 matednls. 
Dirferenhal and prppartrpnaJ comparisons made 
aulorriattcalty. Flexible Input syslem accepts Dermal, 
Fractional, and Exponential nctetron. For IBM PCs and 
Compatlblea with 384K. 868 

DEMPSEY’S FORGE, s.n».r.Di.itfo. 

ni 2 Box 407. Gladys. VA 24S54 

Let US FAX you s tiler, CALL S&4-i9$-4e0Z 

Inquiry 688. 

Inquiry 693. 

Inquiry 699. 


SOFTWARE/CONSTRUCTION 





rfB4S£ BUSINESS TOOLS 

- GENERAL LEDG ER • PUflCH ORD/lHVNTOfl¥ 

- ORDER ENTRy * ACCOUNTS RECmi 

* JOB COSTING ■ J08 ESTIMATING 

* BILL OF MATLS ^ SALES ANALYSIS 

* PAYROLL - ACCOUNTS FWABLE 

$99 ea. + SAH 

dATAMAR SYSTEMS Cred. Caid-Check-COD 
4e75-B Santa Monica Ane. 

Sen Diego, €A 92107 (619) 223^9344 


FREE ESTIMATING SOFTWARE DEMO FOR 
SMALL BUILDERS & REMOOELERS 

Precision Estimating Light Is brand now 
spreadsheet-based estimating software that 
Qornblneo powerful features in an easy^to-use 
packagei Complete with 80G-item database, 
you 11 be estimating more accurately im¬ 
mediately. Call today for the free demo and 
literature — 50J-644-ai55. 

TImberllne Softwara 


Analog CIrcuR Simulation 

• SchemaUc EnUy JnluaDlt has a complete PC 

.spicEa™,«or !csr»5sss?‘s; 

• Model Ubrertoe Through SPICE smutaSon uang 

■ Moela Carlo Analysis ffidended mornwy to com- 

□lehenstve intsfactive post m- 

• Parameter Sweeps Starting at *95 tor 

• Plottl-no/Grephics Ouipul teSpies, Ihe compiate eyatem 

r* wllstorjuetfm 

tniusatt 

7ns festigr fn tow oaaf, fuif P-0- flo* S8ti7. San Fadm. CA EH;3t 
Aae/inred CAE soa\iv^s (£1 a) d FAX i-ansB 

Inquiry 689, 

Inquiry 694, 

Inquiry 700. 

SOFTWARE/BUSINESS 


SOFTWARE/DEVELOPMENT 

1 




DATA ENTRY 
POWERFULLY SIMPLE 

Full Mred, iieadS'ODMti data enlry with two-pass verlllcallon. 
Dosiped tor the PS^, PC, )ai AT or compatibles. 

Sta/kjaiorbe $3^ LAN wrslori available. 

FiTEE trial . 

Computer Keyee Tel: 20G/776-6443 
21929 Makah Rd. Fax: 206/776-7210 

Wbodway, VWV 9S020 USA:800/3S6-0203 


Moby Words™ 

dn flDflfKM 

Mfliy Whfris 

5%D(to uikiue vKuda & phH3£es 1Stl0tovrads wifipafb^dspeEcfi 

The wofid liEi In Be For nazoi-^liarp ttnouags 

vraki m p^nti $H0 

McJiy Mlofy 

150ii00 syllabHiKl wonts wnfs ktt st^ m mai<s 

^ Hie user i tml Rr per^ leKl-bo-siieech tin 

breali ai;^ $128 

AU Royilly tne. S«iit dieck (k MO add ft'b] to: 
ItIumliHf Unabridged 

571 B«ld4n St, Sit. A, Monltny CA 9^940^1307 
coryntto: T-4Pan373-Ma7 


MIDNIGHT ENGINEERING" 

A new publtoatkm tor emrepreneurtai hardware and software 
engmeeia ihotwiB encxHirage andchaSengeyou to personalFy 
develop and market your own produda- 

> PftACTfCAL ARTICLES 

- INSIGHTFUL INTERVIEWS 

> OFT AILED PRODUCT REVIEWS 

call or wrtle lor a FREE copy ol ITh pramlare issue of Mfd- 
Engfneerinp. 

Midnight Engineering 

111 F. Drake Rd-. Suite 7041. Fort Calllns, COaOSSS 

3D3-491-B092 


Inquiry 695. 

Inquiry 701. 

TPROBB-TRAHSPORTATION ROUTING 

A powsrful InlaradivB system kif finding opIFmal rautes on 
transnyl^lton networtewltti up tQ$l2ncidaaflnd327SS links. 
TPROB6 finds Ihe sliortest andftir quickest pNh between any 
two palms, «>lvn trsvellng salesinan prabten^ wKhi up !□ 
50 ^ope, finds minamurri spanning m®, computes tiriwa and 
distances between all points on a network. Marry features in- 
ducficg U8 imatsiflla highiwBy network, graphics dlispl^ and 
editing, slop sequencing, report genenatoc f149 wlfti Ttianual 
and BOS? supp^ 

iastern Software Froductm, Inc. 

PO. Bm AlsKandrLa, 22309 

(703) 360-7600 


YOUR SALES MESSAGE 

COULD FILL THIS WHITE SPACE 

Call Brian Higgins fior more informadon 

603-924-3754 


SIMULATION WITH GPSS/PC'^ 

GPSS^PC" ca an MS-DQ9 compaiible versiort of the 
populer meinfrEme simuletion language GPBS. 
Orepbioa, enimahDn and an extremely Inlaraclive en- 
vironinant allow a totally new view of your models-11 
you are contemptallng the crBatfan br [riodlficatkin bi 
a cqmplax systam you need GPSSfPC lo help you 
pcetitidl Its behavior. Call now. 

MINUTEMAN Software 

P.O. Bax 171/Y, Stew. Massachusetts, U.SJli. 

(SOS) 897-5«a2 ext. S4G (600) 223-1430 ext. Mb 

Inquiry 690, 

Inquiry 696 

Inquiry 702, 
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The BUYER’S Mart 


SOFTWARE/ENGINEERING 



Circuit Analysis — SPICE 

Norvilnear DC & Transient- Linear AC. 
*\tersian 3B1 with BSIM, GaAs, JFET, 

MOSFET. 0JI diode, etc. modelo, screen 
graphics, Improved speed and convergence. 

* PC \femiQn 2GG avai lable al S95 

Gall, write, or check inquiry # for more Info 

Northam Valley Software 

28327 Rothrock Dr.. Rancho FalCS CA 90274 

(213) 541-3877 

Inquiry 703. 

FREE ENGINEERING MAGAZINE 

Petsonai BnginBSnmff Is a monthly magazine sent 
free ot charge {USA only) to scientlsts/englneers 
who use PCs for technical applications. Topics 
each month include Instrumentatton * Data 
Acq/Control » Design Automation. To receive a 
free sample Issue and qualihcation form either cir¬ 
cle below or send request on letlerhead to: 

Personal Engineering Communications 

Box 300. Bmahllna. MA 02148 

Inquiry 704. 

SAUNA: Thermo Analysis Made Eaayt 

The Sauna software package lets you predict 
temperatures tor ClRCUrT BOARDS, HEAT SINKS 
and ENCLOSURES, Exceptionally easy to use. 
create arid analyze an Intelligent 3D model of an 
entire enclosure In just a couple of minutes. 
Sauna Std V1.21: PC/Mac II 5996 FREE DEMO 

Tatum Labs ina 

3917 Research Park Dr 8-1, Ann Arbor. Ml 4B10S 

313-563-6610 

Inquiry 705, 

SOFTWARE/ENTERTAINMENT 


BE FUNNYI 

with the new. Impnned Humor Processor \%rekin 

2 you can add humor to your speeches, newslet¬ 
ters, or everyday conversation. Create original Jokes 
or select from the Indexed, expandable SOO-joke 
database. Ofjiy $49S5 + $5 S&H. IBM PC or Com¬ 
patible. 3D-day mor>ey-back guarantee. Perfect gift. 
Call today. 

Responsivo Software 

1901 Tunnsl Rd., Berkeley. CA 94A36 

800-660-4611 VISA/MC 

Inquiry 706, 

SOFTWARE/GEOLOGICAL 


GEOLOGY & GROUNDWATER PROGRAMS 

aorehole E-Loga, Cmsa Sacur^s, Stratigraphy, 

Well Drawings Fence, Comoura, Isopachs, 3-D 
Dlagrame, Pumping Tests, Groundwater Chemistry, 
Piper, Stilf, Durov etc. Used by EPA and State Agon- 
clea for RCRA & CERGLA. Our sotovare is used by cov 
sullanls, universities, and oil & coal companies In 20 
countries. Free brodiure and demc disks. 

Earthwara of California 

30100 ttNvn center dr. #198, Laguna Niguel, CA 92877 

Phone 1714) 49S-57Z7 F%X (714| 495-4820 

Inquiry 707. 

GEOLOGICAL CATALOG 

Geological software tor log plotting, grJddIngtoon- 
touring, hydrobgy. digitizing. 3-0 solid modelling, 
synthetic aelsmogrem, fracture analyele. Image pro¬ 
cessing, scout ticket manager, over 60 programs 
in catalog. Macintosh too! Please caii, or write, tor 
Free Catalog! 

RockWare, Inc. 

«SI Kipling SI.. Sdu StS, WlwM Ridge. 00 aC033 USA 

(303) 423-5645 FAX (303) 423-617t 


SOFTWARE/GRAPHICS 


CAD/CAM Prog ram iTiBri! 

>bti hundrwls of hotirs of ptogrammlng and dabugf^ng 
tlnw (and Itie diauaanda of doHarathila Elme cosaQ whan you 
USB tha CAD/CAM itidlh and QXF mjtfrwa In Itre 

Qu^ckGeometry Litsrary 

All die nouiinM you naad few any lypa d pro 

graml raady^uae nputlnaa ihd cofMiiuct, Intarsact and 
offael Elnaa, area, clrdeau alllpMS and awt aptlnaa! 

S19d iTKiudes aounca oocta and talephona support. 
Call (617) 628-5217 today lor inionmatHjn or to oncteri 
BatldlnB Mat* Sflftwgrj^ RQ Box im Bomatvilte. MA 0214f 


Inquiry 708. 


PROFESSIONAL GRAPHICS FOR 
SGIENTISTS AND ENGINEERS 
PC/MS-DOS - Macintoftti 
FREE 4S-|>aga Catalog 

Llnaar/Log Scaling * Qrapi™ with enw bars • AUTO PLOT 
• aA:nGH Mod# • MuHipte YaxoB • MulUpt# dela (lies ■ Auto/ 
FtifCad Seating • Full laboJfng • Bulh-ln edttof • 1-2-3 Inter- 
lacs • Curv« nRlng • Statistics ‘ COA. BOA A Horculcs Carn- 
peyttbte. 40 pan p^ara suppurtad. 

BV Engmeering Professional Software 

2023 cnicago Aw.. Suite B13, Riverside. CA S2Bq/ 
VI3AJMC _ f7t4^ 701-0262 

Inquiry 709. 


Technical Report Graphics 

EDTECH sciBntlfbc graphics for PC has naw laser 
printer and dot mafrix versions. 

— Dsiabasa,. worksheBT-st^e data editing 
— Technical X-Y plots litjoi data tor raporls 
— Graphiefl editing on screen, drawing, loxi 
— Log axes, Greek, symbols, U^Lus imptex 

DIGITAL ANALYTICS 

P,0, Box 31430. Houston, TX 77231 

_ (713) 721-2069 _ 

Inquiry 710. 


nirboGeometry Library 3.0 

New 30 upgrade! Now over 300 2D A 30 rouOr^s. 
Surfacing, Solids, HlddenUna, Vblumes., Are^, 
Transforms, Perspectives, Tangents, Clipping, 
Decomp, & more. IBM PC/Comp. MS-DOS £,0t. 
lOrbo Pascal. Turbo C, M3C. Manual. 3D-Day guar. 
$t99B5 wtocufce. Foreign S&H extra. VISA, MC, 
POi USA tunds only. 

Disk Software, Ine. 

Srlie E. Arspanp Rd.. #487, Richardson. TX 7SMl 
214-433-73SS/FAX 214-423-«4SS^34t>^36^77te0 


Inquiry 711. 


RAINDROP^’" 

FAST compact PrlScm Utility tor end users AND 
devatopars. Hardcopy as fast as 10 sacs. Average binary 
size' e kbyte. 12 video graphic slandardsL Scale, mtats, 
colarize and more. CALL' from user^rflten programs. 
Complete 9- 8 24-pin dotmatrix, Inkjal, and laserlel 
library $39.9S+S3 a/h. 

ECLECTIC SYSTEMS 

S1W St. David Ct., Sprinafteid. 221S3 

(703} 440-0064 

Inquiry 712. 


S E G S 2.0 

Scientific Engineering Graphics System 

« Lcgartthmlc, Tlme/^Dete & Linear Axes. 
» Eeisy Curve Fitting and Data Smoothing. 

* 1-2-3 InterfecQ ^ Numeric Spraedeheet. 

* Supports all Video & Device Standards. 

* 10 Curves with up to BOOO pointe each. 

Edmond SaftwarOj Inc: 

6900 Mmtoller Dt #1124 405-042-0558 

Oklahoma City, OK 73112 8(l0-2i4'3381 


Inquiry 713, 


SOFTWARE/GRAPHICS 



POPULAR HGRAPH 

SCIENTIFIC 2D a 30 graphic retoiiwd br IBM PC. lAX. 

SUN and Macintosh. Powerful, easy to use, Mufllpls 
fonts, device and machine independent- Uses max 
reaolulinn. Links with FORTRAN, Pascal, C, Modulft-2 
Hhd QuIckBask:: $119.05 

Custom software devstopment. 

UGfsph—the graphics editor available nowl 

HeaitLand Software, Inc. 

£34 a Franklin, Ames, lA 50010 
(515) 292-0216 

Inquiry 714. 

GRAPHICS PRINTER SUPPOFTT 

AT LAST! Use ihs PftSc key to make quatiJy scaled e&VV 
or coior mpnxtuti^tjpn^ your dispSay an any dpt matrix, 
tokref, or tosar printer {tod. ftosfScrtofj. DPAFPLUS sup- 
pahs aH verstanadDDS with iBM EGA, WSW, Super 

14^^, Hercufes, of compatibh grsphips tioards, Urilc- 
versions avaikbSe. $99.^ 

Jewell Technologies, Inc. 

474044ih Aito. SW, Seattle, M asil6 

BOO-628-2828 x527 (206) 937-1081 

Inquiry 715. 

FORTRAN PROGRAMMER? 

Now yw oan call 2-0 and gra^ptilcs routiiniH wriihln your 

FORTRAN pragram. 

ORAFMAnC: scraen fouttnes $135. 

PLOTMATIC; plottsr drlvw m 

PRINTMATJC: printer driver 135 

Fbr ine iSM PC, XT. AT & campolibleB. Wb sappon a 
rariefy of compfffts. gmptucs ttds., ptotter# em? prinfera. 

MICROCOMPATIBLES 

301 Prelude Of.. Pdpt, E, Silver Spring. MD 29901 USA 
(301) 593-0683 

Inquiry 716. 

COMPLETE NAPLPS/VIDEOTEX SUITE 

Fuffy ANSI X3.110-1963 compliant. Window, view 
and multiple concurrent dwice support. Drivers tor 
CGA, EGA, VGA. ICB, lARGA. Hercules and many 
others. 

• MVDI^eveloper's decoder tbolkil 3295 

• MGE^raphics editof $195 

• PemonaMty+III—terminal emulation $95 

Mlcroatar Software Ltd. 

34 Colunnade Rd. N,. Nepean. Orvtarlo K2E 7je 

VISA U S. 14mF2fiT-997l Canada I6131777-6096 

Inquiry 717. 

QRAi’HIC TOOLS LIBRARY 

XGLIB: ^.Wlndow/vp. thlc^ lines and arci, splines, llgum 
drawing, fill, Isxt scide, rotate, aUgin, keyb, mouM, Anima¬ 
tion, Ona touch Screen and Imagg Ilia prim. $75. 

PC_,VDI: Virtual Device Interfate, Draw on scnaen or 
pflniertoloner at devlcfl reaDluilort. Outllire mteble tom fac¬ 
tory. Supertext, Rotate, Toom. Plots, charts arrd spllnea. All 
QK3 drew. Includes XQLIB. Compoie Quality 939$. 
ALL: ANSli ctompfllible. On mat.Ajsers/Plotrs. Alt graphic 
modes; Horou to Super VGA. Host "C^'. FORTRAN, MS 
QuickBASIC. 

NOVA INC. 

RO. BOX mg». sch.unibi»B. 11 gaits raMn.4ni 

(nquiry 718. 

GRAPHIC TOOLS LIBRARY 

SCANPROr Image Capture arKt ratrlavN hum ieistdBnl(TSR) 
and your program. Multiple Image (.PCX, .lO^S, .KFC) tor- 
mats. EMS support Fan Bitmap Gr^lca Cut. Copy, Piste 
and more. Auto Bcale, Rotate, Skew, Mirror, Fold and Tile llll 
ima^. Image data basa. Tbxl and Line drawing. Virtual Bit- 
maps. Non-rectangular out A. stencil wUh PC_V0I. Screen 
and Image flie PrlnttokM' $149. ANSI compatible. Compare 
Quality. All grmphic modae from Hotou. to Surper VGA- Most 
FORTRAN, US QuIckBASlCL 

NOVA INC. 

RQ BOX Schaumbum. IL eCilflB 7ro-HS-4111 


Inquiry 719. 
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The BUYER’S Mart 


SOFTWARE/GRAPHICS 


PRINTED GRAPHICS 

The GraphLink'* Printer Graphibcs Ibolkit lets Tur¬ 
bo Rescal proyrarrs build and print graphids SA tbe 
jnrfntark raeaAjAfpnr Sn+ routines emulate Borland 
Graphics Interface Supports the mod popular lassr and 
dot maria primers Only *135 ($350 for Prcitessnna ■yer- 
si(jn)l Soor> lior TO, MS<J, Quok & 

VISITECH SOFTWARE. 

D5 3SGr Rktgswood a.. PLttsburph. PA 15339 

_ (412) 733»4775 _ 


PEN PL0TTEH EMULATOR 

FPLOr turns your del matrix or laser printer Into 
an HP pen pkittar. Fast hi-rea output. Ko jagged 
lines, vary fine width, color. Works with Autocad, 
Drafix, etc. Supports NEC P5/P6, (BM Proprinter, 
Epson LQ/FX, Toshiba, HP Laseilet, Qkldaia 
2§x/39x. Hercules/CGA/EQAyVGA. $64 
checWm.o./VISA/MC 

Fplot Corporation 

24-16 Steinway St., Sufte 60Ss Astoria, NV 111C33 

_ 718-545-3505 _ 

Inquiry 757. 


SOFTWARE/LANGUAGES 


DROMA FORTH-e3 

Hr««k tti* EAK Iftthetil «p*edAipece penalty^ 

nmifut, ittirMtlveiy '»3 ttandardL 

• lMb4 aulomalsd mamory manogafnent 
« Full OS jnt)arlH% owtensjve udNltss 

« On-line docurnemHlttin, ASCIUblock Hies 

• Other pmducts: windows, rnoduleSi ptotiler 
< IBM PCnOiAT A all compadbles 

Inquire about FREE ^atuin and Exampla dtakaltH. 

QRUMA INCL 

5440 Hwy. 390 East E103. Austiti, TX 7S723 
Oidefs: 5124a3-W3 _ BBoenI: 512-333-2403 

Inquiry 720. 


SOFTWARE/MEDICAL 


Systems with ECS 

PFM oflan i comiiBtB bv af madkal Krihran ranging hmt shnpb bi. 
swim dm piocwlng to nmpihnh* AlR ntimQtniefii. 

PC CUM pyJS--dai(n EHwining efm ECS b ow 100 fflii(or In^^ 
caniere-30-d^ immytiBiiE giHTHibe 

THIlESHOLe-ixiiiqitetB iVR. {Btlem tAn. osnpfBhwtsna piX&s 
minaggnient 

CLAJH WT-ffdKFMiiM itoctimjd diuniB 
tooer too iMWina wniwi 

SofbAr* prii»« Start ai | 4 «iJ(n. DhIw mquiriei Mlama 

Physicians Practice Management 

35D E. New York, Indianapolis, IN 46204 
B00-42S-351S _ 317-634^080 

Inquiry 724* 



Inquiry 725, 


SAVE SAVE SAVE SAVE 
LETS TALK PACKAGING 

Fronn Disk Labels to Manuals to Shipping Boxes^ 
Wa are a complete packaging aeivica. Everything 
you need to market your sottware. Call for our tree 
catalog. 

SOFCOM Printing and Packaging 

10305 naading Rd., GJncInnaiJ, OH 45241 
513-5S3-7136 


Inquiry 726. 


EASY TO C 

The C Vltorkshop interactive eoTtware teaches yom 
C. Do real 0 program exercises with built-in editor 
and compiler. Feedback guides you to solution. 
Ajl you need to learn C, including our 3€4-page 
book. $69.95 + $6 Ship. PC compatibles 
MOVfSA/ABtheck. 

Wbrdcraft 

3037 Permfinsn Pm., Oakland, CA 94319 
(300) 762-8003 (PST> (415) 534-2212 m CA 


Inquiry 721* 


SOFTWARE/PRINTING 


PRINTER GENIUS 

Riwerhjl msmoFy-TBBklerrt printer menagemsnl • Con¬ 
trol printer tealunes fmm menus or within documents 
■ Print spool^Hisk niee or memory • Background print 

• File & directerybrwss ■ Edit srnalt tead ■ and more. .. 

* User friendly pop-tip screens * 92-page manual • 
Preset tor all prfntera • Completely ffexlblo * PC 
hnS-DOS < $69 + $4 SAH - VISA4VIC 

Nor Software Inc. 

627 3id Am. Suite 15a New Hbrfc. NY j(XM6 

(212) 213-9118 


Inquiry 727. 


SOFTWARE/MATHEMATICS 


SOFTWARE/PROGRAMMERS 



MATHEDRINGforthepc 

« MatfiBdii cunsfruPfo epuAr,fohis to be jrito 

WbrtiPartKt TkX and Manuscript dxurnsuts. 

• User-^figfidiy SnimftKV —mJ new w&rf procpssof neet^s 
lo btt learnsd. 

- Mamtf3if-^Sf49 

^TA f ly K McUlDwt Ptm., Sif4B 100 

coMmei^ Obo 43acn 

COllMILWlC«r»W« tel4] 284-3S30 


ATT6NTION 
PROGRAM DEVELOPERS 

Have you developed a program that you feel 
could be marketed to end users, but you need 
help in packaging & distribution? Send a 
deBCriptk>n of your program or write for infor- 
maliqn & royaHy schedule tot 

CJ Softoare Publishing Co. 

2183 Bvcktogriain Hd., SUa. 46^ RfotiardsOn, TX 750S1 

Inquiry 722, 

Inquiry ?2a 


SOFTWARE/SCANNERS 



AUTOCvIcuIsftor, Simulteneuusly calculiSes l^ds, 
Ft-lri, Metrics—Stora, Retrievp. Scan. Modify data. 
SElimate Cone-, Car^, VWpod, afe, AM Unite 

CisplayBd at trie sama tiiTia. $69 4 $5 SH 

Stair Daaignar: Set to CODE or tteeired HteeriHun, 

20 results shown in Fl-lrt, R-Oec & Metric. Fir lo Fir 
& No^ng to Noeing reeulte. $29 $5 SH 

SPECIAL: Both tor $89 + $6 SH * V1SA/MC 

Preeision Data Pfoeassing, Ifta 

737 West Centrat Am, Wlntar Havan, RoiIm 33800 
(013} 2644700 


Optleal ettaraatar Rac^snltion 

Slop retyping: PC-OCfT aotovare win cocheft typed cx 
printed pages ectabtete^fe^ fix pfudessoc 

WQri^ wiih HP ScanJei, Ron^ortid and most other 9csrv 
ner& Suppfied witri 16 popular (cm User trainabJa: you 
can teach PC-OGF^ to read virtualiy any typeSlyte; ind. 
toreign forte. Proportional teect, msiiw pnnter output, Xstos 
copies OK. $385. (^heck/VlSWMCWrTiExpiCOO 

E»ex Publishing Ca 

RO. Bck 391. Cedar Grove, NJ 07609 
(201) 783-6941) 

Inquiry 723. 

Inquiry 729. 


SOFTWARE/SCIENTIFIC 


TableCurve—TableCode 

Cum-FIt 211 Equations in a Singla Step 
TableCurve’' generates printed reports and Lotus, 
dBase, Quattm, Harvard Graphics, and Pagemaker/ 
Vantum output IbbteCocte^ generates tunebona 
and calling code tor C, Pascal, BASIC, FORTRAN, 
Modula-2 and dBASE languages. 

Deimi lS^ mtCuPK $159, -^bleCode 1149 MOVisa 

AiSN Software 

RCt Btw ^ 277 , Phoenix, AZ 05054 

_ 602-266-1925 _ 

Inquiry 730. 


Chaos/Nonlinear Dynamics 

* Qrdtwy and Delay Ddfeiantia! Ecmawn ScNerg " mixomn 
□iagiams ‘ 2- and 3-D PlDtUng, Sequanliai MagrifcaliQn. 
Poincari SecSOfft ’ M&t Mepdmum, i-D & Qrde Maps 
’ Phase wfth Muttipte Initid Condtions. ‘ SpecOd Ar^y^ 

Fradal Dimen^one. Lyapunh Exponent 
DS:I $25000 DS:il $36000 
CHAOS IN THE CLASSROOM $49S5 
DYNAMICAL SYSTEMS, INC. 

RQ Box 35241, Tucson, AZ B6740. 602-S92-1962 


Inquiry 731. 


C SCIENTIFIC LIBRARY 

Create scientific & engineering tools with 
this extensive C programming library of 
over 600 math, matrix, statistics, and 
graphics functions. Sand $5.00 for 
45-page CSL Buyer’s Guide 

EIGENVWKRE TECHNOLOGIES 

13090 La Vtste Dr., Saratoga CA 95070 (408] 8871184 


Inquiry 732. 


Free catalog includes 
technical application notes 

1-800-942-MATH 

MicroMath Scientific Software 
Salt Lake City, Utah 84121-3144 

Inquiry 733, 


SOFTWARE/SORT 


OPT-TECH SORT/MERGE 

Exnnemety SextMerge^ed: utifty. Run as an MS 
□OS command or CALL as a submutirte. Supports 
moi languages and fife types including Btrieve and 
dBASE- Unlimited file sises, multiple keys and much 
more^ MS-DOS $149. 03^, XENIX, UNIX $249. 

(702) 588-3737 

Opt-lbch Data Processing 

RO. Bom 678 — Zephyr Cove, NV 69446 


Inquiry 734* 


SOFTWARE/VOICE 


TURBO WATSON 

lufbc IMi&on ia a complate iflt cif ti»)3 for Turt» Pascal lo ac- 
«$$$ 0 Ihe luncijwia o( ihe Sj»«h BoaitL 41$ adso 

a high lewri llbrarv preceduies to build vohto reappqae 
Estonia to mtoiiteaL A poiMrfLi ANSWERING MACHINE pm- 
grwn la as ari CMample with seuma coda 
ONIY B9S CBfiadlsi. Vlsa/MC aoceplad. 

ITI Logiclel 

1425 Bane-lfiveequa W. Wfomiiaal, Can. KSG 1T7 

(514) 851-5966 

inquiry 735, 
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The BUYER’S Mart 


STATISTICS 


NEW STATISTIX^ 3.0 

PC Magazlito Editors Choice I 

* Superb Data ManagemenT • E)(cellent majiuaJ 
• Easy to usa • Eas^, /rea support 
« Range & Depth C7f Statistics 
Buy me SCSrfor ^ the price of the compeiMort 

CALL 612-631-2852 Now 

30-d«y money-lMiek guarantee 
Analytical Software, 

Inquiry 736. 


The BASS System’" 

Why use up a meg and 640K just tu run a data 
step on your PC? Now you can run your data stop 
code and statistical pmcs wttfi a sy^em that takes 
only 1 meg and 40DK (and costs only $^)! Free 
informatton: 

BASS InstJtute^ Inc. 

pa Boot 34B, Chapel Hill, NC 275t4 
(9ia) iSS-TDOe or BB: (910) 966-0755 (N3^1) 


Inquiry 737. 


SOLO 3,0 from BMDF 

pQpiiar stBiistics end exceHent graphics for Ihe PC 
Guiok and easy to use, For business professianads, 
researchers, or sludenis. From the leader in ^stical 
software tor over 25 years. Tbp-rwtch support. 
Satisfaction guaranteed! $199 complete with 
graphics. Call today, VISA or MC. 

BMDF Statistical Software, inc. 

1440 Sepulveda Blvd , Suiie 316. Lw Angeles Ca 60025 

(213) 479-7799 


Inquiry 738. 


STATA 

State 2.05 Mow Availatila. More slatletica, graphics 
and an all-new manual. Still only $590 Ouanttly 
Discounts AhialtEble. New, lower academic price. 
$20 DarTKL Call toll-lrae for more intormaUon. 

1-800-STATAPC 

Computing Resource Center 

1D901 Naftlonal Boufevwe. Un Angsisa, CA B0DB4 

_ (213) 470-4341 _ 

Inquiry 739. 


OOMS/COPY 

COt^VERTS YOUR (NIV iNFORMATfON 

tim your !hiv«lli awt pHUigi on tec»« uiy dMAbauL 
DBUSCOm’ C^n dtnetty Dctmqrl H3V tUtalusa or ipnAiilBlMM flh 
(0R«:LE, WRADOX. dBASE, UOTUS!«.) iniD snr M p«cliig< 
ni* ISAS, SvetAT. *(c.} and vk« vwbl TTm PLUS wrAlm 

ollgiM BorW. lotocllaiu. and ncBlculkife^nK. flSa 30-dw [luarantBo. 
Vpacl^CrAMEX/POCOa cm tor rn* NmlM wnlon. 

CONCEPTUAL SOFTWARE INO 

Ra Bo* 50027. Houslort, DC 77260 
(713) 667-4222 FAX; (713) 667-3FAX 

1-BOOSTATWOW 


inquiry 740. 


Statistical Navigator"* 

An expert system using Al strategies to help determine 
appropriate sMlslIcaJ analysis. Based on your answers, 
Statistical Navigator suggests several analyses ranked 
auttablllfy- it explains the analysts arxJ hmw It flis your 
research obfeettw and assumptions. Wrston 1,1—59995 
+am. VISA, MC. AMEX. PO f^isonal Check accepted 

The idem Works, tnc. 

100 West Rrlafwooci, ColumtjJs, MO 6sa03 
1-800-537-4666 FAX 314-445-4560 

Dil|l4i m m44S45S4 


Inquiry 74t. 
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STATISTICS 

1 1 

UTILITIES 



MINITAB'te a PC of cake! 

MINHAB's intuitive commands are easy to use and 
rofnamber. Rsatursa deacdptlw atstbstlcs, regma- 
slon, time sedes, chHsquare, hi-nra grephlcs. much 
more. PC version Ind. (jCfTUS InterfacsL data editor, 
network pricing. Call tor FREE brochure. 

Mlnitab, Inc. 

3061 Enterprise Or.. Stale College, PA 16801 

(S14) 238-32B0 


Graphics File Conversion 
PICTbre This' is a Mflcintcsh" desk accessory which 
converts a wide range of graphics Rla formats to PICT 
Idea^ tor ofganiaations with M/Cto PC courtecttoris. FIs 
formats supported Induds; Tatga-ift CGM, Dr, Hato 
CUT. IMG, Lotus PIC, PCX, Sun Raster, IFF. GIF, RLE. 
TIFF, RIFF, XII bitmaps, Macintosh EPSF. and Mac¬ 
Paint. Price $99, 

FGM 

i 131 Elden Street. Suite 108, Hlemdon, VA 22m 
P03) 478-9881 

Inquiry 742, 

inquiry 747, 

NCSS 

PratosslDnaJ. easy to use, menu-drlveo statistical 
system. Used by am 5JOOO researchers. 

> 50 Statistical Systam —$99 

• 5.1 Graphics (2D & 3D)-$S3 

• 5l3 Power Pac Supplement—$49 

• 5A E)^. Desigri/OC—$49 

• 5.5 Survival AnaJysis^S9 

• 5j6 Forecastlng-^i 

m accept checks. PCs, Visa. MC. Add $3 am. 

NCSS-B 8D1-546-0445 

865 Eaal 400 North. KerSvIHe, UT 64037 


COPY AT TO FC— BniDGE4T 3.5 

"CPWtSRC" REUASLy witii MOKB teppiaa on U8 drivM, saHng i 
ikx fer i Hcond lunl dlik or ttpt ImcIh^x CMy ITSPO + Snt 

‘•BBtoSE-rr 33" n fl device ohiver rnmm m- 7OTCBn.44Ma 

driw! tat PCDTW witluxd vmrKtmB OOSlSlOS. Or^ SSKPO 4 8^ 
BRilGE^T 33 6UMH£D WITH INTERNAL 1.44MB DRIVE 
tt29Jto + aiH VtSAA«QCOO UPS Bfft 

MICROBRIDGE COMPUTERS 

655 Sky Way Suite 1l3v San Carlos, CA 94070 
1-415-SgS-S777(CA} 1-415-693-7875 (FAX) 

i-5it-643-osie (CANADA) i-MO-sas-sm 

Inquiry 743. 

Inquiry 748. 

SCA STATISTICAL SYSTEM 

TTie only statistical software encompassing 

Forecasting & Tims Series Analysis 
Quality and Productivity Improvement 
General Statistical Analysis 

Anlla&ts on both DDS, 05/2 and Mic opaiallng lyilHfns. 
Cfidl today tor more tritormitton 

Scientific Compmtlftg Asioclates 

4513 UnoDin Suite 1 O 6 , UsIq. !L 80532. USA 

PNone; (312) 960-1686 NUt: p12) 960-1616 


MAGAZINE INDEXING SERVICE 

Mlct^iCton OlVES VDU FWST a EASV DtRECTIONB TtJ ALL AR¬ 
TICLES IN THE FOLUDWlNa: PCWEEK-UOTUS-PC WAG A 
3PNE^-PC WORLP-aVTl-tNFCIWanLn 

LOeXTE BY KEVWaflDB^TLES--AUTHORS—ON OUPl PfiO- 
PRIETABV SEARCH SOFTWARE PC CQMFWlBLE/HAflD DISC 

rsjuiheh 

tvn. SUiSCfiFTIOM-UmHTHLY UWTES-^ MONTHS [W TO BBMTT 
omrsmx 

NATUN ENTERPRISES 

RG Bdi 1334, Bras. CA. 32022 100-333-9073 OT T144«-1B14 


Inquiry 749. 

StatPac Gold"* 

StatPeo Geld Is the award-winning statistics and 
brscasling package that deNvers lt$ lasi, flexible 
easy to use and dependable. Tlme^tested and loaded 
wilh (ealunes, Kbu be Ihe Judge, Ge* [he facts! Call 
tor your FREE brochure 

1-800-323-49(17 

Walonlek Associates, fne, 

6500 Nicollet Am. S,. Minneapolis. MN 55423 
(612) e66-9022 

ii 

Recover deleted files fasti 

Disk Explorer now indudes automsSic IHe recovery. Ibu 
type to the defeled ftle^ name. Disk Explorer fincte and 
restores IL Disk Exfitorer also shows whalk reatfy on disk: 
view, diange Of Create formate, change a filels ^ue, 
change data to arv sector MS-DOS |75 UB. CheckyCfadit 
card wotcomt 

OUAID SOFTWARE LIMITED 

4S Charles St. E, 3fd R. 

Ibronio. Ontario^ Canada M4Y 1S2 
(416) 981-8243 

Inquiry 744. 


UNINTERRUPTABLE POWER 

1 



HOW TO PROTECT YOUR COMPUTER 

And Make it Last Longer 

FR^ mona^^wlDfl' IHmiuift Whar^ D»d to know bJxkiI UPS— 
unlmefTuplSjla pwwr supply. Houf io gat compirts praKveikKi Imm 
po9« Bfw pfobiWw 3S0W ItubUBh lEkVl ifKtoNs Irom ^ 

Isrgsst manu(flctunsf at ilngis^lMsa UPS. 

Bast Pawar Tachnology, tnc. 

Ra Brat 280, Nettodah, Wl 54645 
(606) 58S-7200 axt. 3737 

TOa FBEE (too} 336-^794 «rt, 3743 

SkW Ar,r AT on HpV 4r4. 


; COPY WRITE 

; CripyWrite 
: Removes 
; eppy PnrtHCtlon 
: Nq more diskettes, 

: manuals or 
: codawheels. 

: lOOO's of products copied. 

: QUAID SOFTWARE LIMiTED 
: 45 Charles St, E. 3rd FI. Dept a 
; Tofonto, Ontario, Canada M4y 1S2 
t (416) 981-8243 Fax (416) 961-6448 

Inquiry 745. 


UTILITIES 

1 



Find Text&Code Changes 

With speed, ticcufacy & "intaitigence" 
DoeuComp* compares two veraions cf a document 
or eourca listing and finds changes as minor as an in¬ 
serted comma and as m^ as a complete rearrange¬ 
ment in tflxtl Results can be shown on a split-screen. 

In a printed composite draft, or In a detailed raport- 
$149.95^eM, »tS9J5(Mac. 

Advanced Software, Inc. 

1095 E. Duane five . Suite 100, SunnyvaJe. CA 94066 
(406) 733-0745 


AppleWorksIBM 

CROSS-\M}RKS tran$fara both ways between 
Apple riertlc/llga and IBM PC^XT/AT/PS-Z & 
compertiblea. Exchange AppleWforks with V^nd- 
Perlect {keeps formatting). Lotus 1-2-3 (Keeps 
formulas), and dBase Ill/IVt Includes cable 
plugs in serial porta fpr 13,200 baud transfers. 
Easy menu operation. 

Phone (Bid) B7B-7725 for free info packet. 
SCflSpoken Ca, PO 9762a Rsleigh. NC 27624 

inquiry 746. 

Inquiry 75L 




































The BUYER’S Mart 


UTILITIES 

1 1 

WORD PROCESSING 



SAVE TIME and MONEY 

with the RED Utilities. Programs indude: Batch file 
compiler speeds batch files. Disk cache speeds 
hard and floppy disks. Printer spooler. Path com¬ 
mand for data files. Wild card exceptions. Sort 
directories. Over 10 more programs. Only $79.95. 
Order today! 30-day money-back guarantee. IBM 
PC. Visa/MC. 

The W^nham Software Company 

5 Burley St.. Wlanham. MA 01964 (SOS) 7747036 


DuangJan 

Bilingual word processor for English and: Armenian. 
Ben^l, Burmese. Euro/LatiniAfrican, Greek, Gujarati, 
Hindi, Khmer, Lao. PuoiabI, Russian, Sinhalese, liuiill. 
Telugu, Thai, Ukranian, Viet, . . Only $109-t-S5 s/h 
(foreign $12 s/h). Font editor included. For any IBM 
compatibles vi/ith dot-matrix & LaserJet printer. Demo 
$9-t-$1 sm. Visa/MC 

MegaChomp Company 

3438 Cottman /Wa. Philadelphia. PA 19149-1606 

(215) 331-2748_ FAX: (215) 331-41B8 

Inquiry 752. 

Inquiry 755. 

WORD PROCESSING 




W« can read 130 languagaa 
from Armanlan to Zulu 

Use SPOT OCR Sottwars with an Imaqs scanner and your 
PC to read 130 foreign languages, typed pages, typeset 
material, magazines and books Into standard text files, 
naostatf Engineering cm provide any OCR solution. Cell to¬ 
day to discuss your appUcatkyil 

Flagstaff Engineering 

1120 Kalbab Lane, Flagstafl. AZ 86001 

(602) 779-3341 


PC-Write 3.0 — Shareware 

Fast, lull toahjfsd word processor for BM PC Now edits large 
files & multipis ooiumns. Also spell check, mailmerge. net¬ 
working, A^ll, and macroa Ea^^o-use, optional menus. 
Suppo^ 500 wkilers ind. lasers. Software, guide and tutorial 
on ditk: $ia Registration with manual, support nowsionor 
and 2 free updates; $99. 

90-day money-beck guarantee. VISA/MC 

QuICkSOft 1 - 600 - 868-8088 

219 Rrst Ave. N., #224-BYTC, Seattle, VVA 98109 

Inquiry 753. 

Inquiry 756. 

FARSI / GREEK / ARABIC / RUSSIAN 

Hebrew, all European. Scandinavian, plus either Hindi, Pun- 
)abi, Bengali, OA^arati, Tamil, Thai, Korean. VM. or IRA. FuR- 
leatured multManguaga word proceeaor supports on-screen 
foreign characters and NLO prinlirtg with no hardware 
modificatione Includes Font Editor. ^35 dot matrix: $160 
add ! for laser; $19 dema 8/H in U.a ind’d. Req. PC 640K. 
graphics. 3(>day Quarantee. MCAhSA/AMEX 

GAMMA PRODUCTIONS, INC 

710 Wilshire Btvd., Suits 609, Santa Monica. CA 90401 
213/394-6622 Tlx: 5106006273 Gamma Pro 3NM 


YOUR SALES MESSAGE 

about the special computer product or service 
that you provide belorigs in print. 

THE BUYER’S MART 

can help you reach computer professionals and 
produce valuable inquiries for your company! 
Call Brian Higgins for more information 

603-924-3754 

Inquiry 754. 

Inquiry 758. 


Isiues I 

Availatrie j 

BYTE BACK ISSUES FOR SALE 


1987 

1988 

1989 

Rates (postage and handling included): 

l987-’89 BYTE Issues $6.00* 

BYTE *83-*84 Index $4.00 

BYTE 1985 Index $4.00 

BYTE 1986 Index $4.00 

BYTE 1988 Index $4.00 

1985 Inside The IBM PCs $4.00 

1986 Inside The IBM PCs $4.00 

1988 Inside The IBM PCs $6.00 

1989 Inside The IBM PCs $6.00 

Applications Software Tbday Special $4.(X) 

* June 1988 (Benchmarks) $3.00 

The above prices include postage in the US. Please add $ .SO per copy 
for Canada and Mexico; and $2XK) per copy to foreign countries (surfoce 
deUvery). European customers please re^ to Back Issue order form in 
Iniematioaal Advertising section of book. 

Please indicate which issues you would like by checking (^) 
the boxes. Send requests with payment to: 

Jan. 




Feb. 




March 




April 




May 




June 




July 




Aug. 




Sept. 




Oct. 




Nov. 




Dec. 




Inside the 
IBM pa 




S^Tbday 




BYTE Back Issues, One I 

□ CTheck enclosed „ 

Exp. 

Charge: 

. Siana 

Phoenix MiU Lane, Peterborough, NH 03458 (603) 924-9281 

Dale 

iture 

U VIAA 

□ MasterCard 

r'arvi 

Name 

Address 

Citv 


All orders must be prqisi 

State. 

Zio 

d. Please allow four weeks for domestic delivery and twelve weeks for foreign delivery by surfoce mail. 




Circle 389 on Reader Service Card 


^ FREE! HEADCLEANING KIT 
on 5.25" 3M diskette order!! 


OS'OD Quantity Discounts Available DS'HD 

5 . 69 * . .. 5.25" 3M Diskettes 10/Box.. 10.99 

10.89 -.3.50"3M Diskettes 10/Box.. ... 23.99 

17.99 .. 8.00" 3M Diskettes 10/Box.. 19.99 

OC-2000 .14.49 OC.600A.19.99 

OC-3O0XLP .....17.99 OC-6150XTD ...21.49 

3M/0ECTK50Tape.24.95 

3M/IBM 3480 Tape.4.95 

3M Mag Tape with seal 2400'.12.50 


3M HIGHLAND 


5.25" DS/DD 

3.79 

3.50" DS/DD 
KAO in 

•“0 Plastic Box 


3M Highland Diskettes 
.10/Box. 


10/Box 



BASF 


5.25" DS/HD 

6.89 

3.50" DS/HD 

19.49 


INCREDIBLE VALUE!! 


DS'DO Quantity Discounts Available DS-HD 

4.89 ..5.25'BASF Diskettes 10/Box.... 8.10 
8.99 . 3.50" BASF Diskettes 10/Box.... 19.49 

04 • BASF 5.2S*DS-DD No-Logo Bdk 
.with Tyvek sleeves, labels & W/P tabs 


BASF Mag Tape 2400' 


10.49 



Verbatim DataLifePlus 

/ r/hn! PreforntaUrti 

OS-DD 

DS-HD 

5.79 

.... 5.25’ DataLile Plus 10/Box. 10.79 

9.99 

.... 3.50' Oatallle Plus 10/Box. 22.99 

6.49 

... 5.25" DataLife Color Disks 10/Box 

ITIQVall FREE GAME ON 

1 1 FREE 11th DISK!! 


5.25"DS/00 5.25-DS/HD 3.50-DS/DD 3.50" DS/HD 

5.79 11.19 10.49 23.49 


Dysan 


100% BETTER 


DS-DD 

6.19 

9.75 


.5.25" Dysan 10/box. 
. 3.50" Dysan 10/box. 


DS-HD 

10.49 

22.49 


KAO Color Diskettes 


OS-DD DS-HD 

. 34 * . 5.25" KAO No-Logo Color Disks.... *.64 
.74 .. . 3.50" KAO No-Logo Color Disks.... 1.85 

8.95 ...3.50 DS/DD KAO Brand in Plastic Box 

*5.25" Color disks add 4C for sleeves and labels 


No-Logo Bulk Diskettes 


5.25" DS/DD 5.25" DS/HD 3.50" DS/DD 3.50" DS/HD 

. 27 * . 45 * .59 1 . 69 * 

*Bulk diskettes include Tyvek sleeves, labels & w/p tabs 


TERMS: No surcharge on VISA, Mastercard or AMEX Order 
packaging and processing - $2.95 per order. COD orders add 
$3 95 SHIPPING: Si .95/5 cartridges: SO 95/50 diskettes 
PC's accepted from recognized institutions on Net 30 Bank 
Draft. T/T or L/C acceptable Price quoted for case (100 disks or 
10 cartridges). For quantities less than 1 case add 5%._ 


Toll Free Order Line Information Line 

1-800-523-9681 1-801-255-0080 

TLX-9102404712 FAX-801-572-3327 

n DISKCOTECH 

OISKCO TECHNOLOGIES, INC. 

213 Cottage Avenue 

P.O Box 1339 Sandy. Utah 84091 
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PC Component Headquarters 

HOLIDAY SPECIALS 

386-25 MHZ 25 MHZ 4MB CACHE ONLY $2774 

386 SX-16 MHZ 4 MB ONLY $1824 

Y.E.S. 286-16MHZ 1 MB ONLY $1174 

Y.E.S.-Turtia 10 MHZ 64aK - without Hard Disk ONLY $ 409 

Y.E.S. 266-12 MHZ 1 MB ONLY $1024 

All Systems Include: Case, Power supply. FO/HD ControJIer, 12 MB 

Drive, 101 Keyboard, 40 MB Haiddrive 

* MONTHLY SPECIALS ★ 

Mono Graphics Printer Card . $30 
Paradise EGA Autoswitch 

with EGA Monitor.400 

1.44 MB TEAC Floppy 
with mounting kit .75 

VIDEO OPTIONS 

Monochrome.. ADD $1ZS 

RBG .ADD 275 

EGA .... ADD 400 

VGA. ADD 525 

MODEM 

Internal 2400 BD . SBS 

External 2400 BD.75 

Internal 1200 BD .60 

HARDDISK SPECIAL 

Seagate 20MB.$19D 

Seagate 40MB ..310 

Toshiba 40Me/60MB.390 

MEMORY UPGRADE 

XT Memory Card.$6S 

AT Memory Card ............75 

PC Memory Card.30 

Click 101 Keyboard.S4S 

Maxiswitch 101 Keyboard......60 

Complete line of Peripherals available — Call for Products not listed 

Y.E.S. Systems Corp. AII orders shipped UPS-COD or 

44829 Fremont Blvd. prepay. PO's are welcome from 

Fremont, CA 94538 universities and qualified companies. 

(415) 657-4888 Open: Mon.-Sat. 9-7 

FAX: (415) 656-0118 



300-9600bps MODEM $299 

$95-2400bps ALL PRODUCTS...30 DAY FREE TRIAL 


The SPEEDMODEM tw is a knock out for vafue and performance. It 
features DYNAMIC IMPEDANCE STABILIZATIONtm. o/S™. (patent 
pending). DiS improves signal quality, assuring maximum speed and 
data integrity. D/S is renowned for superior performance where other 
modems fall. All products are internal iBM cards, made in USA, 5 year 
warranty.//you arenl totaity sattsfied, return withtrj thirty days for 
fail refund! 0/S/s/T 

with DIS no OIS 

■ SP££0MOD£JW3(H>-96OO-bps $299 

• SFEEDMODE/W+ FAX -9600 $399 

• F AX-9S00 fu II featured high speed fax card $209 

-2400-4d00-bpsMNP-5MODEM $193 $169 

- 2400-bps MO DEM with SEND ONLY FAX $159 

<2400-bp3 MODEM $119 $95 

- FREE $69 EASYCOM TM SOFTW ARE with modem 


CompuCom 

Corporation 


March 89 pm BYTE MAGAZINE* 

"*PeBi deaL,worked fine...quite a 

CALL (408) 732-4500 (60Q) 228-6646 


Circle 75 on Reader Service Card 


299 


Protect Your Copies of BVTE 

NOW A\^ILABLE: Custom-designed library fiks or 
binders in elegant blue simulated leather stamped in 
gold leaf. 

Binders—Holds 
6 issues, opens 
flat for easy 
reading. 

$9.95 each, two 
for $18.95, or 
four for $35.95, 




Order Now! 


Mail JD; Jesse Jorjcs Itiduariffl, 

Dept. BY. 499 Em Eric Are., 
Phibdelphia, PA 19134 

Pltase send_fiks;_ 

binders for BVTE m^iizinc. 

Endowed is i _. 

Add SI per fik/Undcr fi® posiage and 
handling. OuKide U.S.A. add S2J0 per 
fiWbinder (US. funds only pteasej. 
Charge my: {minimum SIS) 

A merican Express 

_Visa_MasterCard 

D iners Club 

Card #__ 

Exp. Date ----— 

Signaruit_____ 


CALL TOLL FREE {24 hairs}: 


Name: _ 


lAddressi 
Ciiy: _ 
Stait: 


Zip:, 


ymbuim |U4fiBEtd. Itausyhujj mikm JiU sik Eu 
Alkm j-S wnia lUiHry hi ihc ILS, 


BVTE ^3 


Serlsl 4 ■ ■ ^ Parallel 



Convert What You Have 
To What You Want f 

' nS232 Sflrial 
* a Baud ftalav 
' LalcRcd Oylputa 

No tooflarwlll ifour penphc^ai dviCfts bs limited Cy 
of pofi yau luve Bwsllebl«l Ouf flew Hioh PnriorTnflncs TOO 
SiFfflfl ComrorlBrs provla, «H mJaaffig HnH. BaBAd on lh« 
leMll In CMOS lechnoJogy, IheM uhTib fealurfl lutl baud 
mie Mreciiofi lo 10.2K, wtlh nandoheim te maxima 

^';Anar« elNclartdv. Delaklad flocumen ti tFOn alJawg 
fllmollUad tnalaljatrcn. Order the Model 770 CBerfRail or 
Model 77 B 


* Hendahahe SJgnala 
' Compact 3]; X 4]; K tS( 


5 [F’en^r^ Todayr 


PBEE^ 

- 




400 DaMy Lar« 

Ra Stu 6210 
Orentt Piet, ofl OTsa? 

Call (503) 474-em or 474^«701 
For FAST Delivery 


K *79” 

- Cdinpieio - 
UPS SDlfwlng SiUQD 
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Circle 168 on Reader Service Card (DEALERS: 169] 


REEL 
9-TRACK 
GENIUS 


OVERLAND DATA will bring 
oui ibe GENIUS IN YOU when it 
comes to connecting your PC to the 
mini/mainframe world. OUR 
ENGINEERS DESIGNED the 
most successful tape drives* 
controUers and software in use 
today. Call the experts .. .ODII 

- PC/XT/AT7386/PS2 & Compat. 

- DOS* XENIX UNIX, NOVELL 
•800, 1600* 3200, & 6250 BPI 

• Outstanding Customer Support 

• 24-hoiir delivery available on 
Cipher, Qualstar, Anritsu & M4 

nnj Overland Data 

U UI ^‘Experience Makes The Difference” 



CALL TODAY AT 1-800-PC-9TRAK! 


5600 Kearny Mesa Road • San Diego* CA 92111 
TEL: 619/571-5555 ■ FAX: 619/571-0982 


DISC DRIVE REPAIR SPECIAL 


Fttnnan»d Can. Flat SPECIAL 

S9.10 
11ZS0 
135.00 

157.50 
189.00 

247.50 
325.00 
425.00 
495.00 

TEST & EVALUATION $25 


10-19 mb 

$99 

20-29 mb 

$125 

30-39 mb 

$150 

40-49 mb 

$175 

50-85 mb 

$210 

80-120 mb 

$275 

121-150 mb 

$325 

151-275 mb 

$425 

276-380 mb 

$495 


SHIPPING yom DRIVE FOR REPAIR 
Pack your drive carejully and fully pro¬ 
tected in a sturdy shippir^g box. Include 
with the shipment a note wfth your nam^ 
addrees and daytime telephone number 
and a brief description ot the pnobtem 
with the drive. If prepaying, allow $9 for 
shipping end Insurance costs per drive. 

WE DO DATA RECOVERY 
CALL FOR QUOTE 

FLOPPY 5.2S" REPAIR $4S 

VALID TMflOUGH 1/31/SO 


DISC DRIVE SALES 


XT/AT aOPPYPfll YES 


3-S". 

35-. 

..,.720k.. 


5.25-:..- 


ref... 

52S\., 

..,720k. 


5.25-*.. 


... ref,- 


.$105 

115 

49 

.59 


KITS FOB IBM AT 1 COWPATIBLES 


147 MB 

ESDI ***...**.— 

..., 81395 

ym MB .. 

. . ESOl ... 


320 MB 

ESDI .. 

.......1995 

10WBA5MS > 

HARD CARDS 


souB/KSiyis .. 



SOMB/SSMS 


.293 





SMS 


3fT/ AT HARD DRIVES 


S75 


to MB ., 

^ UflU . 

89 

20 MB - 

.mf 


... 159 

30 MB ** 
42 MB ** 

... 

**- 239 
-■ K5 

72 MS .. 

_ mf 


... 595 

120 MB, 

SCSI HARO DfOVES 

.. 1295 

20UB 

$225 

as MB 

$095 

aofUB 

a«5 

U7Ma 

1493 


295 

3t0 MB 

f995 


NOVELL SUBSYSTEMS 


150IIB.........- t1S75 

320 MB.-..... 27iS 

650 MB....-. 4295 

THOUSANDS OF DISC DRIVES IN STOCK 
Wb Featyre Technical Support tor Everything We Sell 
Ws Spedaize in Disc Dii^ — Ash tor Our Brodiure 

TEL818 * 709 - 6400 
FAX 818-341 *2935 


i^L TECHNOLOGIES, INC. 

5105 Maureen Lane Moorparh* CA 93021 


TELEX 678953 


PC COMPATIBLE 
ENGINEERING 


Annabooks gives you the hardware, software, and linnwara 
information you need to design PC-compatible systems fas¬ 
ter and better. And you have control of your design from the 
ground up - our firmware and software products include 
source codel Plus all the utilities you need. 

AT BlesKil: an AT Bios with source code you can modify. With | 
setup & debug. 380 pages with disk, $199 
CTBIosklt: Includes a debug. 270 pages with disk, $99 
Intil Wildcard SupqleiHnt for XT BiosKit: Includes ASIC setup, turbo I 
speeds, also useful with many other modern XT boards, 60 ] 
pages with disk. $49 
PromKil: Puts anything in Eprom or SRAM; DOS, your code, data, 
you name iti With source on disk, $179 
SysKit: Here's a debug/monitor you can use even with a brand X 
Bios in your desktop. Runs in ROM or TSR in RAM. Includes 
source, o1 course. $69 

XT-AT Handbook: The famous pocket-sized book jam-packed with | 
hardware & software info. $9.95 ea. or 5 or more for $5 each. 

! Software tools: You need MS C & MASM 5,1 for modifyirrs the Kit products, 

( Mention this ad when you order any publication and get| 
a frio XT-AT Handbook by Choissir $ Fostorl Hurry before we [ 
come to our senses and change our minds. 

Annabooks 

I 12145 Alta Carmel Ct Suite 250-262 

San Diego, Calitorraa 92128 I619| 271-9526 Money-hackguarantee 



Connectivity Solutions 


DCB 

Universal 
converter; 
higb capaci¬ 
ty 64KB to I 
MB printer 
bufTer with 
parallel / serial input and 
output ports. 

Frees computer while 
doing printing. Converts 
data it requu-ed. Con^ 
nccts more than 1 com¬ 
puter to more than 1 
printer. 


DCI 

Internal 
converter 
printer 
bufier for 
IBM or 

eompadbles computers. 

Buih in microprocessor 
frees computer while 
printing. Serial and paral¬ 
lel outputs. Features in¬ 
clude using any type of 
printer or using 2 printers 
software selectable. 


MOP 

Parallel inter¬ 
face card for 
PC, XT or AT 
with up to 4 
output ports 
Connect up to four dif¬ 
ferent printers or plotters. 
Software selectable, 

DCU 

t Universal data 
converter 
serial/par allel^ 
paralleVseriaL 
Completely programabic 
with software protocol. 


MOS 

^, Multi-serial 
uiLerface for 
IBM or com¬ 
patibles, Up 
I to 8 serial ports, fnter- 
I connects computers, mo- 
Idcms, printers, plotters, 
I etc. 

f MIP 

Multi-parallel 
input ports for 
PC, XT or at 
with 8 ports. 
Allows up to 
|64 external data lines, 24 
I input/output control lines. 


MAX-E-CON 



Call today for details 
Phone (415) 96&-e404 
FAX# (415) 968-8390 


S' ^ 


Ultra high storage ca¬ 
pacity suitable for LANs 
and multiple stand alone 
computers. Share or 
switch computers, priu- 
ters, plotters, modems.etc 


Up to 24 serial / parallel 
input/output ports. 

System capacity : 512 KB 
RAM with 20 or 40 MB 
fast access hard disk, 
Basic model comes with 
512 KB, 8 input ports 
(serial or parallel) and 4 
output ports (parallel). 
Each port is completely 
independent and can use 
difTercnt sjpeeds, proto¬ 
cols, etc. System status 
display {optional). 



DwaliBr'B inqufrss wbIqouib 


Maxcimtt Corparation 
9^ Terra Bella Avc, iHdg. 3 
Motinfain View, CA 94043 
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ELECTRONICS 


Mail-Order Electronics - 

- 24 Hour Order Hotline - 

- 415 - 592-8097 









TMS44lt1? 

TMS441B-1S 

4TlfrlS 

4tZB-^5 

41W-1CKJ 

41B4-1-M 

4164-TM 

412S^ 

4125&A0 

4125frH» 

412S6-1SD 

41Z»r|50 

41354-li 

414S440 

4146412 

41464-lS 

&i»e-iQ 

51IOOOP60 

51I4»QP-1C1 

514256P.1Q 

51425815 


16.384*4 120«_ 

18,384*4 15014_ 

laaiMJil l50nsrt4MS29l 

131^0172*1 ISOuIf^h 

653»*1 100ns_ 

65.SM*1 iSOtB- 

85,530*1 ISOw,......^ 

362114411 SOUS- 

3S2:144«1 aOtis_. 

261144*1 lODis ... 

261144*1 1201b_ 

262.144*1 ISHk.. 

84X*4 12»is Video Rl 

85.536*4 eons.. 

85^36*4 120*14.. 

85,S%i4 15D1IS_ 

281144*1 l(»s$tatkC« 

1,046^578*1 80ns(1Mig)_ 

1.046576*1 lOlkte [1 

281144x4 lOOTKiiltag. 

262,144x4 


DSl4CeSN 

LM146661. 

DS14Ce9N. 

LM149BN. 

LM1871N.. 

LM1972N__ 

ULN2003A. 

IILN2004A..„. 

26LS29..._ 

mS31.. 

ZSLS3Z. 

S6LS33....._ 

IJ1N2606A. 

LW2901I4 .. 

LM1907N. 

LMZ917N £0 ptn) 

MC3470P. 

MC3479P. 

N4C34a6P. 

MC3497P.. 

LM3900N 


EPROMS 


2nhs [i25V}. 


NE5S34 

TBQSK 

7S12K 


71&12T 

TBisr 

TlflUe 

7S05K 

7905r 

75113 

75150 

75154 

75174 

75175 

75176 
75451 
754K 


EEPRQMS 


Sai6A 25 2046x8 2S0nfi (9V 15V) W RwlANrltB 

2917A 2048x8 350ns 5V FlHil/Wrttt.. 

29S4A 9132*8 250ns SVFlMd/Wrtl*lPlni.NaH 
aOSSA 9132x8 250ns 5V B—dfflfrttt.. 


OVER 4000 COMPONENTS AND ACCESSORIES IN STOCIQ • CALL FOR QUANTTTY DISCOUNTS 


SIP a SIMM MODULES 


Pift No. 


5l2Kir IBMPS 12 l0QK^igSll«l£3aa*3l} ....1lSLt5 
aiEGKir ieMPa 2 lOOw 1MEGj!3SiilM(2Bch)...468.95 
41356AaA-lQ 281T44!ia 1 [IQns 356K 1 9 SIP IHei Leadsj .„.4995 

41256*38-80 261!44k 3 60r>t 356K x 9 SMH_64J5 

4210)0490.10 1.048v578aa 1 (»b IMEGi 8 SilW.. 164.95 

421 ODOA9*'SO 1.046378*3 BOnslMEO*3SIP[KeUidil189JS5 

42HXBA9e.eO l,04837e*& eOnlMEGHSSlMM...189.95 

^ gtadetor Hqdefe SO. 501 and BO 

7400 


7430.. .. 
7402 . 

74Q4. 

74£36... 

7409.. . 
7407, 

7406.. . 

7410.. 

7411.. _ 


3fl JS 
.49 


7447.. 

7473.. . 


7474. 39 19 

7475.. __- .49 88 

7479. 45 85 

7483. 53 48 

748S. 65 .55 

7489.. .45 16 

7489...215 2 ,15 

7400. .. 49 39 

7493.- 45 15 

7435.. .. .5® .49 

74107_ HO 18 

74121...39 .29 

74123.. ..^^^ 4fl 39 

741^.,_...,. 4® .39 

74147.. _..199 1J9 

74150.—115 115 

74151. , , . . 39 19 

74154-..„_135 1.25 

74161.. 89 59 

74174 _ 10 49 

74175 . .59 .49 

74193. .78 IS 


74LS 


74LSOO..^. 
744 S02. 

741.503.. ... 
74iS04,„. 

741.305.. ... 

741509.. .... 
74LS07.... 

741.508.. .. 

74LS09. 

74LS10L... 

74LS11. 

74LS14. 

74LS20. 
74LS21 ... 
741527. .. 
74LS30 
74L532 

74LS38. 

74LS42 . 

74LS47 

74L373 

74LS74 

74LS75 

74LS78 

741383 

74LSflS 

74LS86 

74LS90. 

74kS83 

7413123.. . 
74LS135 
74LS132, 
7415130 




74S/PROMS 


74300. 

74S04 
74333. 

74574.. .. 

743112.. . 
745124 
743138 
74S153. 

745163.. . 
74S174._ 
745175 


74L5138. 

74LS151. 

7415153. 

74LS154.... 

74LS157. 

74LS161. 

741.5161- - 

74tS164. 

74iS18S_ 

74kSl66. 

74LS173. 

74L5174_... 

7413175. 

74L5181. 

74L.S192. . 

74L3193.. 

74LS194. 

74L3221.. 

7415240 . 
74LS24t. . 
7415244 

74LS245. 

74LS357 . . 
74LS259 

74LS273.. 

74LS27® 

74L3367. 

7415373 

7413374,.... 

74LS3BCJ.- 

74LS541. 

74LSSS0. 

V, 


49 39 
49 39 
49 39 

119 1.16 

45 

49 39 
49 30 
.59 49 
7S E5 
19 79 
.45 .35 
39 29 
39 29 
18 49 
89 59 

18 99 
.89 59 

19 58 
.59 49 
59 49 
.58 49 
.79 69 
49 39 
.99 69 
19 79 
.49 39 
49 19 
.79 69 
79 19 
19 70 

1.29 1 19 
5 96 5 05 


CD-CMOS 


CD4001 .. 

.. .19 

C04851...... 

___ 39 

CO4802.. 

. .19 

C04852 

... 30 

CD40O7._-., 

. 19 

CD40I53. 

... .59 

CD4011 .. 

. .10 

C04060.-.,.. 

..... 65 

CD4012_ 

. 15 

CD40Ce 

- -. IS 

CD4013. 

19 

CD4089. 

25 

CD4QT5... 

. 19 

CO4070 '!'! 

II"’" '' 19 


cwote. 

CD4CI17 


CD402O. 

__ 39 

CD402I... . 

.40 

CD4024. 

.45 

CD4027 , 

. 35 

CD4026 

- 40 

CD4029. 

...89 

CLMOK,..,.. 

... 15 

CD404O. 

____,85 

CD4843 

. 49 

CO4043._ 

___ .50 

CD4046. 

....S5 

CD4047.. 

.. 85 

CD404a..._, 

... 19 


CCM07t... 

C04072 

CD4073.„ 

CD4001_ 


CD4093^ 
CCMI094 _ 
CM503-^ 

004511. 

CWS18. 

CEM520. 

CEJ4522. 

GD4528. 

CD4S3B. 

C[>4543. 

CLM584. 

004585. 


NEC V20 a VSO CHIPS 

Rflplac* thfl 6806 or BOOt In Your IBM PQ mnn 
Pari Ho. *"<^^*** 5|>ce4 fey up lo 30% 


U PD78108-6 (6MHz) V26 Chip 
IIPD701DS-8 (8MHz} V29 Ch ip.... 
UPPrOl 09^10 rOftlHzl V28 Chip... 
UPD70118-6 6HHz^ V30 CWp 


UPDTOIIS-m (miiHi) V38 Chip... 


Frict 

...,5.23 
....6-OS 

..18.95 

™T.&5 


MICRQfTOCESSOR COMPONENTS 


FatNfc 


Firtifa 


i5iW.Wft 


8741 . 
6742.. 
0748 0 


2.29 

...9.49 

.7.95 


STATIC RAMS 


PinWQ. 


201612 

2102 

2112 

2114M 

2114N-2L 

21C14 

5101 

6116P1 

6116P3 

61161 P-1 

6116LP3 

A264P10 

6264Pli 

4264UP 10 

42641P12 

6264iP15 

mu 

43256-10L 
43256-15L 
6225dPlO 
62250112 


204SX6 

1024x1 

256*4 

1024x4 

1024x4 

1024x4 

256*4 

2O«ax0 


2846*6 

61S2*Q 

0192*0 

Ht9Zit0 

6192*6 

6192*6 

1024*4 

32.7E69IS 

32,766*8 

32,768X6 

32.766x8 

32,768x8 


3748(36^0 

874art (HMOSltZIV) 9 95 

0749,.... 9.95 

8751H i3SriayiHz) .,..34.95 

67S5. 13.95 

80288-10 29 85 

80287-3 rSl^il_109.95 

80287-8 i^z^,.309.95 

80297 18 OOMHz).. 239 05 

803SfrlS PM.259 95 

80^7-16 nSMHzl,.,. 349,95 
S0387-20t20^z) . 399.95 
80387 25 fe5MHz)....4a9 SS 

82204 iOh^l. 5.49 

82208 fOMHiJ.6.95 

BATA ACOUSTTXIN 

AOCQ0O4LCN.....3.25 

ADCoeoeccN. 5.49 

AOCOeOBCCN.3.7b 

ADC1205CCJ1.19j9S 

DACO8O0LCN.1.4S 

AVI^IOISD.4.95 

AY-5^1013A^.-.196 

6500/6S00 
68000 Series 

eauib_ eun 

0402.. a75 

6502. 2.19 

6602A.._...1S9 

65C02 {CMOS) ..8 95 

eS20.-._lSfl 

K22.__ 2.95 

6SC22 __ 415 

6532. 4.95 

6651 ^..2 69 

6SC8[10ICMOS)„^...15 9S 

6000. 1.75 

W02..2.95 

6000__ __.... 2.49 

6610. .....^. IIS 

6020.. .. 2.75 

6821. 1.75 

68821...2.25 

6840.. -^-..3.49 

6045.. . 2-75 


DYNAMIC RAMS 


MC60o6bii":::"":! 

MC8000QL1D. .. 

MCSOOOSPB. 

MC8S810L10. 

MCS8020rtCl2B 


TM52564 

TliS27ie 

I782A 

2706 

271 e 

271G-1 

27C16 

2732 

2732A-20 

27m2 

276425 

2764A20 

27S4A^25 

27064^15 

27126^20 

27120.25 

27I2M15 

27126420 

27CI2025 

273015 

2725030 

272S125 

27C256-15 

zTcastzs 

275122S 

27CE12^15 

27CS12-2S 

27001015 

60764 

68766-35 


4696*6 
4896i6 
SI 32*6 
2046x8 
256*0 
1D34XS 
2D46X8 
20*8x8 
204SXS 


4006*0 
0132*6 
613^ 

0192*0 
0162*0 
16.304*6 
161W*0 
16164*6 
16.384*6 
16164*0 
32,766*6 
32.768*0 
32.760*0 
32,766*6 
32.766*6 25&b(129 

66136*0 25006(12.51 



tV) 

45anttaSVjL^__ 

450iis|iziv)___ 

_ m 

.515 


R9^ 

450« j-fVlsV,4l2V|.. 

_0.49 


4M 


XK 



350wi^, ...._ 

.. 395 

iSOfsglflCMOS_ 

i»RS _ 

-465 

_ 

EOOlB [21V .... . 

. 395 

45Dhs r25V) CMOS_ 

_...425 

2S0ns |Sl^_ 

095 


MV^WSOUI. lU .. 

MC087O1. 

10.05 

MCSe705P3S_ 

..15.95 

MC087O5Ot3S. 

.1705 

McsesfliRcieA...., 

129.96 

MC0O8OinC2OA. 

150.05 

Commodore 

WDITTO.. .. 

....8.95 

S13052P......... ., 

99 

RAneA 

... 1-19 

KtO.... 

..14,95 

ISPft 

13-95 

5520A.___ 

,. 14.05 

6S45.1. 

...3.05 

^80.. 

....0.05 

6567.... 

24.05 

8571 .. 

....0.05 

6SS1 (12V}.... 

.. 12,96 

0Sai2|9^h^..... 

.7.96 

8502... 

....705 

8664... 

.2.96 

8580... 

....636 

6701.. 

.996 

8722.. 

,095 

*8£S1D0PLA“..... 

..1506 

32S72-01.. 

„1735 

90122M1. 

1595 

901228-01 .. 

.15.95 

901227^.. 

,...4.95 

9£ll2S77<ia.,. 

1535 

90122905.. 

.. 15.95 

9014804)3.. 

.1 95 

9014S9«...... 

_..2.95 


*No ^XKs avaiabtfl 

tlt»:6S10aPlA*U17JC>64) 


l50™(125VtCMOS_&16 

85136*0 TbOnsO 2110 CMOS..-_^7.46 

131172x0 lS0os(1Z^CHOS(lMefl1-1615 

0192*6 64K 4SChi (2^ p# Et^] _ 14J6 

019216 64R 350iii j25V] C<W Eoafalef. ■■. 151S 


MtSC. COMPONENTS 

TANTALUM CAPACITORS 

TM. 1 .1 111 © 35V..,.. .19 I TM4.7 4,7uf @ 35V.„ .40 

TMI Ipl @ 85V..19 TMB.fl © 35V... 59 

TM21 gluf © 3SV.... is I TMIO iQtd © 35V„^ .69 

POIENTtOMETERS 

ValuK atf aJlabta (insart dhma spacs m^ked ‘XX'): 

SMSi. IK, 2K, SK. 10K. lOK, SOK, IWK. 200K, IMEG 
43PXX 3)4 waB.isTiim .99 |S3PXX T/2 WM. iTum 


SWnCHES 

JMT123 fiPOT.O^Oi 115 1 206-8 SPST. idrfAi up 119 
MPCigI SPOT. Q.»QK>. 1.25 [ MSI 02 SPST. MomHiy .39 

D-SUB CONNECTORS 

DB25P Mate, 2Spln .69 | QB2SS Fenuli, 2Sixr> .75 

LEDS 

XC55fiHTl«.Ftal..„ _ 13| vrAAKVT^^ 
XC55e(STl*<,QM«v.171 XC^SSY T1^, Vgllow.. 17 


74HC HI-SPEED CMOS 


Pa rt HO, 

Aiea 

Pari Ma. 

Prfca 1 

74HCaO. 

-.19 

74HC175... 

...59 1 

74MC02. 

.19 

74MC^.. 

.e9 1 

74HC04...... 

..10 

74HC240.... 

.... 68 1 

74HC0S. 

--10 

74HCa44,... 

.79 1 

74MC10... 

..19 

74I4C246 .. 

7S 1 

74HC14 . , 

.20 

74HC2S3......._ 

... .40 1 

74HC30...„ 

..15 

74HCaS0.... 

.4® 1 

74MC32.... 

..25 

74HC2^. 

... .49 1 

74HC74. 

___ 29 

74HC373.... 

-80 1 

74HC7S.., 

__15 

74HC374... 

... .89 1 

74HC78. 

..36 

74I4C595.. 

-1-20 1 

74Hn86 

. M 

741-10080.. 

1.4® 1 

74HCe0. 

...29 

74HC943. 

50S 1 

74HCia3 .. 

__ sa 

74HC4040. 

■ 70 1 

74HC;iaS._,.. 43 

74HC4040 . 

.29 1 

74HC132... 

49 

74HC405q -.. 

,... 19 1 

74HC1'W 

_4fi 

74HC40S0.... 

. . 69 1 

74HC139... 

___ .39 

74HIC4S11....._ 

.30 1 

74HC1S4 „ 

-140 

74HC4514. 

.. 1.70 1 

74HC163... 

. 38 

74HC4630 ..... . 

^ 1 10 1 

74HC174.. 

.. m 

74HC4543... 

.. 1.10 1 

74HCT-CMOS TTL I 

74HCT0a 

.17 

74HCT13a . 

30 1 

74HGT02. 

.17 

74IHGT157 .. 

- 20 1 

74HCT04.„ 

..10 

74HCT174 ... 

... J29 1 

74HCT1O0.,. 

..- 17 

74HCT175. 

... 29 1 

74HCT14-„, 

_ 19 

74HCT240 . 

....6® 1 

74HCir32 

__ 10 

74HCT244 . 

40 1 

74HCT74..., 

19 

74HCT245... 

.„ .40 1 

74HGTBe,.. 

.... 25 

7AHrX173 

49 1 

74HCTl3a- 

..30 

74HCT3i74.. 

!09 1 


74C/CMOS 

74CH]_2S 

740174_30 

74031-JS 

740175^- 35 

740W .. 25 

74C192.. 10 

74006_15 

740104_.40 

74010.-.... .16 

74CZ21..,-, .1.75 

7C14......46 

74CM......... 30 

74C3S_.46 

740244 140 

74C74_45 

74C373-.MS 

74C85.,_ 129 

740374._1.40 

74066_29 

740011-666 

74080-266 

74CS1Z..._,.736 

74C9a-..-..„„ 95 

740015.J.1S 

740151-,^. 1.75 

740917__.^ 

740154-266 

740820-356 

74C157.^_1.45 

74CS21..use 

740190.^..45 

74^22_166 

74C1S1_.45 

74CE3—155 

74C1S2-.45 

74C925...466 

740173_45 

740926_.666 


Pm No. 

1-0 

IDt 

TL071CP. 

60 

80 

TL072CP. 

.79 

69 

TLD74CN . 

.89 

80 

TLOeiCP. 

. 63 

40 

TLO02CP. 

.50 

.40 

TLDe4CN. 

.39 

80 

LM307N. 

.45 

39 

LM308N.™ 

...„. .85 

m 

LM30fl«.. 

.1 49 

1.25 

1JM310N. 

.1.40 

115 

1-M311N. 

40 

39 

iwsirr. 

.60 

5® 

LM310N.. 

.109 

09 

iM319N. 

.1.29 

M9 

LM323K ........ 

......349 

3.2S 

1JM324N. 

.39 

IS 

LM33SZ. 

.1.40 

115 

LM33fiZ._„_ 

-1.09 

.09 

Liyl337T. 

.1.29 

1.08 

LM330K. 

.4.49 

4.25 

LM339N.. . . 

... .49 

33 

LF347N. 

.1.49 

113 

LM348N. 

.69 

S9 

LF3S1N. 

.49 

19 

LF353N. 

.69 

.49 

LF3S8N. 

.S3 

79 

LF3S7N. 

.09 

09 

LM35BN_ 

_... .5® 

49 

LM30ON. 

.89 

.79 

LMseszti... 

.1,75 

1.49 

LM3flSN3. 

.89 

.79 

LM3S3N. 

... 45 

39 

LF33SN.— 

.135 

1.7S 

LF411CN. 

..7® 

.09 

LF411CN. 

.1.29 

1.19 

NKS5V. 

..35 

.29 

XRLSS5. 

.75 

.65 

LM556N. 

..49 

.39 

LM565N. 

. 39 

.89 

LM5e8CN._ 

— 119 

1,19 

IMSeTV. 

.75 

.66 

LMTZJCN 

.49 

39 

LM741CN. 

„... ,35 

19 

LM747CN. 

.59 

.49 

LM1458N. 

. .39 

15 

LM1488N. 

.. . .40 

.45 


LINEAR 


Euuia^ 


1.19 1.09 
.49 .45 

1.19 1.0S 
.69 .59 

1.95 1,75 

1.95 1.75 
.79 .59 
.73 .r- 

2.95 2.75 

1.19 .99 

1.19 .r^ 
1.75 1.40 

1.19 9i 

.39 29 

1.29 1.19 
1.75 1.43 
119 1.19 

3.95 3 75 
119 1.13 
1.29 1.19 

.49 .45 

1.Z9 1.19 
.B9 ,79 

1.95 1.75 

.09 ,79 

.09 ,79 

119 1.19 
119 1,19 
119 1.19 
.49 

.40 45 

.49 .45 

.05 19 
1.40 1.^ 
.55 . 

1.09 1 19 

1.20 1.13 
1.29 1.19 
2.05 2.75 
2,35 2.75 
2 25 1.96 

.45 .39 
,45 .33 

.89 .79 

2-05 2.75 
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Now Available...Jameco'^s NEVIf 
1990 Catalog with 80 peges of 
Computer Peripherals, Components & More! 



Sperry 
Mono- 
chronte 
Text 
Card 

- IBM PC/XT CompaliWe * Use tori 
Text only ■ Great for Network Serv- f 
ers and Dedicated Work Stations 

TEXT...-.$12,951 



Prometheus 9600 Baud L 

Modem 

1 

9600E Edsmal Baud 

.■..$749.95 1 

12008 iminuli^Baud. 

__$40.95 1 

2400B intgmai Baud. 

..$99-95 1 




Logitech Scaoiyianj 
Plus Scanner 
and Mice 

Scanrw ofily: 

- IBM PC/XT/AT 
Con^tibls 
' 4" Scanrm^ Window 
Idead to? E>TP and 
Graphics 
400DPI 

5CANP Scanner ...... $259.95 I 

MSER Seri^ Mouse.$79.95 I 

MBUS Mou 59 wrBus $99.95 
MPS2 PS^ Uauea... ... $74.95 


Jameco 20Mfiz 80286 Mini-Vertical 
Computer Kit with NEA T» CHIPSer 

- Futiy IBM AT Cowpatibfe 

* Free/ DR -DOS Disk C^ierating System 
Software Inphided 

* Free/ QAPLUS Diagnos^c Software fnciudedt 

* Free! WORDSTAR EASY Ward Processing 
Software includedi 

' 2Mb RAM tnduded. Expandable to 8Mb onboard 

* 10/20MHZ Keyboard Swltchabfe Operation 

* AMt BIOS ROMs Induded 
' Mini Vertical Case w/200 Watt Power Supply 

* MirriScnbe 3.5' 40Mb RLL Hard Disk Drive 

* 1.2Mb Floppy DSHD Disk Drive 

- 2Z5 Norton SI Rating 

* 101 -Key (Enhanced) Keytx^rd 

JE3015 20MKZ 80286 CDfrpatibTe Kit.. 







S^awn wlih EGA Oftion (noft includsd) 
JE305T Multiscan and e&A 
ijSAfl BflkMv) 


.$1499,95 


MOTHERBOARDS 


mmm 

^Allw/0KRAM 
JE3S2e Ptcturad 



JE1001 

JE1002 

JE3005 

JE3010 

JE3&11 

JE3020 

JE30S5 

JE3a2e 

JE3028 

JE8520 

JEB25 


Jwneo(}4.77mtz 608^ {PC/tO)........ $89.35 

Jl9n9a}4.77nEiyH£ BDSB (PGXtl.. ....$99.35 

JsnacD Babv &T2MK£S0@aS{ATl.... $199.35 

■Xsmsx Saby m 6MHz miS& {ATI $233.35 
JwHfX Baby {ATI $339.35 

AMI 16UHZ eosss................. $939.35 

„ $1193.95 
....... $1839.35 

$2599.95 
......... $849.95 


AMI Baby ISOWHz 

ami Ftiii-^ . 

AMI Fufl^»33MHi 80386 . 

Jameca Qaby20MH78a3&6.. 

JisiKHca Baby 80386.. $1299.95 


IBM 

Compatible 
Cases and 
Power Supplies 






JElEhO 

JE1011 

JE1018 

FkHTBpSbrdatdPC^Caffl .. 

SSEfeBtNdanlPQXTCaH.. 

RfrtaFtiiy ATTjpip. 

.....53995 

.$3095 

fSQ-« 

JE103Q 

lSOviBllPGXrPowarSi43pi|<-. 

.— $5995 

JElCnz 

SOD watt AT Pom Supply_.... 

...-.$8095 

jEatnt 

V^Ci»W30(Ml PWr.auppy..-.., 

$27995 

JE2D12 

tM- Votcri Cam n/Sam Plvr. St^. 

....$14995 

JE2014 

FipTcp Bdy XT TurtB Ca«™. 

.....tfiSM 

JE2013 

FfcTcp Bdbw At Caae.-—-— 



Display Monitors and Packages 

I AMBER 12" Ambof Mooocfirome... $99.35 

HDS5H 14" RGB 640 X 240....^49.95 

M9070S IS*" Multiscart Monitor 12S0 x 300— .$1099.95 

TM5154 14" EGA 720 x 350....$359-95 

JE1059 TM51 54 EGA Monitor & EGA Card .$459.95 

TM51S6 14" VGA 720x430...$399.95 

3E2060 TM515eVGA Monitor & VGA Card.^29.95 

TM5157 14" Multiscan 800 x 600...$469.95 

JE2057 TM5157 Multiscan Monitor & EGA Card ... $559.95 



M9070S 


MetSK Digital Multi meters 

Afetex Genera/ Slices: 

HaJTdttetd, nigh accuracy 
ACme Voltage, AC/DC 
Cunrent, Resistance, Diodes, 

Conlinuity. Transasidr hFE 
Manual ranging w/overload 
protection 
MMSO, 3S50B it U465C tmiy: 

Also measure frec|uency arid capacHance 
mesa only: ' Data Hold Switch ‘4 .5 Digrt 

M3610 3,5 Digif MUttimelier $49.95 

M3650 3.5 Bigil MiitHiietBr w/Frequency £ 

Capadtance .. $69 J5 


M3G50S Same as MsesowQaigrafih... $79.95 

M4G^ 4.5 OigH w/Fnaquoncy, Capacitance and 

Data Hold Swteh.$99.95 


Jsmeco IBM PC/XT/AT 
Compatible Keyboards 



JCJ8H7 

JE201S S4.Key Standard AT Style 

Layouts.............».$59r95 

jEioie 1011 -Key Enhanced Layout 

with 12 Functun Keys . ....$89.95 
,|E^16 111 -Key Enhanced with Solar 

Power ed G^culatftr.., .$79.95 

JE2017 104-Key Enhanced with TracJdMilJ 
{140 DPI Rseojubon) ......$99.95 


JAMBCO IBM PC/XT/AT COMPATIBLE CAROS 

JE1043 3£0K/720K/t .2MtV 1.44H} Roppy Disk Cnntrotler Cord (FC/XT/AT)....... $49.95 

JE1050 Monwhrpme Cigphics Card w/ParafisI Phnter Port (PC/XT/AT).. $53.95 

J El 052 Color Graphka Card w/ FaraBel PrintBr Port (PC/XT/AT) .. $49.95 

J Et 055 EGA Card w/ 256K VxJeo RAM (PCdCT/AT)..................... .„..,......„-$13995 

G01500 Orchid e-fid VGA Card wr256K Video RAM (PC/XT/AT).-.$173.95 

JE1057 8/16-ert VGA Card W/256K Video RAM (PC/XT/AT|...........,......-......$249.05 

^E1060 I/O Card wt SedfJ. Gama, PfInter Pod & Real Time Clock fPC/XT].$59.95 

J El 062 HS232 Sefial Half Caid (PC/XT/ATl............................................. $29.35 

JE1065 I/O Card Sedsii, Gama and Parallel Prlniar Port (ATi.. $53.95 

JE1071 Multi K} Card wf Conlrotor A Monochrome Graphics (PC/XT]_......... |119.05 

JE1077 Mufti I/O Card w/ 360tV720K/i ,2Mb/i -44Mb Fkjppy ControiiaT (AT) ....... $74.05 

JE1061 2Mb Expanded or Extended Mamory Card (zero- K on^nard) (AT)....... $109.95 



Jameco Sorderiess fireadboards I 



Pdrt 

No. 

Otm. 

L“*W“ 

Donlact SlncUng 1 

Points Posts Price 1 

JE21 

326x2.125 

400 

0 

$4.95 

JE23 

56x2.126 

830 

0 

$6.95 

JE24 

6-5x1125 

1,360 

2 

$12.35 

JE25 

6.5x4.^ 

1.860 

3 

$17.05 

4E2G 

6.875x5.75 

2.390 

4 

$22-95 

JE27 

7.25x7.5 

3.220 

4 

$32.95 


3.5” and 5.25" 
Floppy 
Disk Drives 



MPF11 Pictured 


Sony 

MPF11 3 S" 730Kb tntemal DrWe.... $69.95 
SMK 5.25" Inat^l atlon Krt w/Faceptata$14.95 

Toshiba 

356KU 3,5' 1,44Mb Internal Dfiva $109.95 


TEAC 

FD55B SJ2S^ 3fiOKb Halt HL ... ....$99.95 
FD55G 5.25" t ,2Mb Half HL „ ■■■1119.95 


Jameco 

JE1020 

JE1021 525" 3€0Kb Halt Ht. Gray $69^5 
JE1022 5.2S" 1.2Mb Half Ht Gray $89.95 


^$094 

$68i 


MiniSerite Hard Drives & CMS Tape Back-Ups 


Pert NO. 

Capacity 

Style 

AvwSb* 

Speatl 

Fonml 

Drive Alone 

MS425S 

SOMb 

3J'HH 

SOmB 

SCSI 

S33fiS4 

Haosis 

40Mb 

3.5"HH 

2Sms 

SCSI 

(469/96 

M31«0S 

150Mb 

3.5"HH 

f7rm 

SCSI 

$13119.99 


SOMb 

3.5“HH 

Efims 

MFM 

$224Ji5 

HB4KXr 

20Mb 

3.S"HH 

OBms 

MFM 

.. 

■B4^T 

20Mb 

3.S“HK 

6fims 

MFM 


MS4Z6F 

20Mb 

3.6"HH 

40m3 

MFM 

$3«9.95 

UB438 

30Mb 

3.S"I-1H 

fifims 

HLL 

$249S5 

MSAasxr 

3ClMb 

3.5"HH 

Oemg 

RLL 

1 . ■■■■n 

UMSaAT 

30Mb 

3S"I-1H 

^tns 

ALL 


I484S0 

40Mb 

3.5"HH 

4611*3 

RLL 

$329.35 

MSasOXT 

4DMb 

35‘HH 

46ms 

RLL 


MB4SaAT 

4mb 

3.5"HH 

46ii*s 

RLL 


M3C«5 

70MI> 


20ms 

MFM 

$999-95 

M3DfifiXT 

70Mb 

5.25:hh 

20ins 

MFM 



70lVb 



MFM 


M31ME 

150Mb 

5.Z5"HH 

17ms 

ESDI 

$1199.95 

MS380e 

330Mb 

5.2S"FH 

16ma 

ESDI 

$1 $99.95 


W/8-Blt(XT) 
Control tar 


W^lfl-Btt (AT) 
Controllar 



aFA5oe 


DJte 40Mb Tape Drive with up lo l2DMb capability (includes one TB4Q Tape}.... 
QFA500 l50Mb Tape Drive with up to 500Mb capability (lodudas cm TC150 tape]. 


.$299.95 

..$1049.95 


Hard & Hard/Floppy Disk Controller Cards 

MFM BLL MFM BIX Hint^FBopjy 


Gompulflr Type 

Pan Ho. / Price 

Pan No./Price 

Part No. f Price 

Pert No. f Price 


aofil {KKT) 911 IlMrtHVi 

XTGBI47fl-95 

lt)04A2710S69J6 

JE10444109.95 

-- 


901296 (ATVaOE^ 2:1 MwIwb 

10D3VMM1i$l29.9S 

1Q03VfiHll|149S6 

10(aVMM3$l49.95 

K)Q3VSfi2i$1fi9.95 


99296 rAT)^#t:1 bAriwi 

10KVNM1/$149^ 

t006VSR]/$t69J9S 

1006VM1W21S169.^ 

tCa€VSRSl$199.95 









LV noac 
Beltnom, CA m»02 
24 Hoof Order MatUne (415} 592-5097 
FAX’S (416} 592 2503 or (415) 505 2664 
Teiex 176043 ■ Ans. Back: Jameco Blmt 
Data Sheets - 50^ each 
Seml$2.0Q Aar a FREE 50-Aage C^a/ug 

1089 Jameco Eiectronks 12/59 
lOM is a registefdd tmdeniark cf 
interralional Businoss Machinee 

24-Hour Order Hottirm (4t5} 592-8097 



Mbit Order EltetronEci < Worldwide 


ameco 


ELECTRONICS 


$25.00 Minimum Order - U.S. Funds Only 

CA Residente Add 8%. 6.5% or 7% Sales Tax 
Sh^ng - Add 6% plus $1.60 Insurance 
(May vary according to weight and shipping method} 
Terms: Prices subject to change without notice. 
We are not responsibie for typogr^shlcal errors. 
We Teserve the right to substitute imanufacturers. 
Heme sub^l to availability and prior sale 
Products pictured may only be representative 
Complete list oif terfns/wBnanliee is available i^n request 

The Following Services Are Also Avellsble Through (415) 592-8097 From 7AM > 5PM P.ST.. 




‘ Customer Service • Technical Assistance • Credit Pepartmem • All Other inquiries 
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Circle 291 on Reader Service Card 


Scottsdale Systems -since i98o- 1-800-777-2369 


COMPUTERS 
Altos W/Xenix.SAVE 


WYEE m ^5 MH; 


1 Vbai Warranlv . - ... 

. 15559 

2 800 20 MM?. 

. .. $3785 

WYSE 3OT. 


2-550 B 6 12 HHi . . .. . 

,1349 

WYSE 266-130 


2430 XT 10 MH? ..... 

... 711 

MMk!l22O0. 

. 1449 

lAFTOFS 


Mottel 2108 --- 

. IB32 

NEC MULTI SPEED EL .- 

.. . 11555 

Model 3117 .. 

. 1414 

TDSNIU 




T-5260 40 .... . 

.. . tTDTT 

H«JH CO fl^DCESSORS... 

. CALL 

r-52O2-1O0. 

. . . 9194 

TERMINALS/MONITORS 


WirSi TERIIIKIILS 


ISM TEBHNALS 


Wysit WY-30 Gieeii.. - 

.1 280 

IBM 3K6fli Wtnianiy. . . . . 


Wjr^e WY-50 Giieeti. 

, 377 

Mins IV -- 

- 378 

WY-60 GtiifWllU 


Anas V ... 

- . - il3 

Amber. --- -- 


Lidfc MC 5... 

. . . . 385 

Wy.w WY-85 Gtewi 

. 37D 

IN«ll1tni3 


Wyw99El1.. 

. 469 

NEC 7AF30. 

. MU/Mq 

Wyw 150 


NK Monogrwl' 

. . 1355 

^213.. 

. 1468 

MnsUlidN [ktinnit Scan . . 

.. . 576 

guM! 


14OT.. 

... on 

QVT 101 Rus GFA7W. 

. <316 

Sony 1303M 303 ....... 

$5N7|Mg 

QVT 119 Pkrs G7A/W . , ., . 

. <385 

Hilxtk Sicitn Scjti...... 


DVT 203 Plus GFAFW .. . . , 

. <443 

PUIUrEltM 


QVT PCT GFAiW 

. $365 

Viking i9‘ wiCart ...... 


mVHlBri __ 

GALL 

Viiiiilii a4‘ M(hii> wFtiaid .. 

. . . >1900 

RfWLETT PAEKAnD 


Vikaig 21" CoiDi wiCatJ - - - 

... 3369 

H P 700^43. 

H.P. 700-71 . 

. $555 
S509 

WISE MQHITQnS ....... 

-CALL 

H P 700-22 .. . . 

. 1369 

IrnTBC 125EA12Bt1W. 

. 1 797110 


CM Kunuiihi iWf Jbr fwm)r«nBd 

Mffll ttFTliet If 


ImTee I4&3nt5i30. aSS/UI 

. 41S 


SOFTWARE 

zm SDfTWnnE MULTI USER 

IMAGHAPH 1 VfeiH WariAiilv . . WU SCO KjeiiiJt 386.. SSIS 

DESIGN CAD.. I 2SQ CwcuiiiiEil CDS 3SB 10 

E2CA0. J30 Usa. 3ID 

FAST CAD--- .... USO 

lUHBO CAD____ 60 AAI 


LEASING AVAILABLE 


PLOTTERS 

CALCOME 

10Z3 An^ Ftn ploiler . 

1025 Ajinan Pen Plalla . 

1043 Dual McKle . .. 5856 

1P44GT1N^P161 Wci. 171T 

HaUSTQIt mSTflUHEMTE 
OUP 20J4D. S1G6T/IS6 


noLAND OESPOOP nontRS 

S35Ze dXY-ITOO ..I 814 

DXV'iaUO tiecirasialic 

Paper Wold .. 1330 

DXY-iaOO ElKtrotBlc 

Paper Hold. 171» 

flOLAlfO OMFTIHg PlOTTERE 


^ 300 A-O S®. . . . . . E3570 

. GW'AOO A-E Sue. . . ..14500 

RGLMID nATfiED PUrTTERS 
1 WSrT%Tiinty 

DPK-2000 a w/stand .... SI9S0 
□PX 2200 8 Pm *«/Eb 
few HOW .. 3950 


DMp-62 .. aasa 

raimi 

AADrlP 3500.SZ330 

A6naP37». tm 

LP 3700-S. 3120 

LP'4Q{10‘1. 3510 


. 13329 

ROLAND OAMM MAdUNEE 

Scdiwate 6 Acassonffi.. 

DFHEW. ECMKEP 6 EQFTWflE 


t.P- 40 OEF| ^ ’ assfi ^^'3300 5 pen w^stafW 

RiWLTTT PAI^IUIRD 

H P '7440 A. CALL 

H P -7475 A .. . CALL 

M P -7SSO A.. CALL LS-30Q 

H P -7570 A. CALL Scamer ..| ITS 

H P -7575 DXL. CAU Data Copy ----CALL 

H P -7576 EXL. CALL ^aTBsaw RS 50575D611037^1315 

H.P ‘7585 A Drartmaster i . 


H P -7586 A QiattnifisleT 11 . . 

CAU 

Mcdd 7000 ah:. 

. 31190 

ENTER 


Model 8000 A-D ... 

. 2059 

SPSOO . 

$589 

Model 8000 A-£ .. . . . 

. 2628 

DIGITIZERS 


XIIRTA 




Lifetime Hfieianjy On Xrrla JS-1 

12*12 . 

, .1355 

1S-1 12(12 wt4 BuEtw Puck 6 


12*11 . 

. - S99 

Dial SW Pm .... .. 

.«3g 

CM Comp iS120-12*13. . .. . 

. . 365 

(SH 13X17 wFtJButwnfedfJL 


C34Cttip 8100 Senes. 

. - CALL 

Conftes n Difd SW feu ,.. 

. 545 

CH CoTip ^ Sae9...... 

. .CALL 


CALL 


6TCC 

KIlLCai . 

UBrnCAiuci 

HiHezSentf ..SlOO 

ft Hh. 95 

Scnal . .. . -- 7i 

Bits . 70 


DEMUETA61ET 
> 12x12-awei. puck Ml Siylus 
■ AulDCad iBTTDlaie nl Menu Rb 

• Genus kAnj Makta M Mwtr l-4x»y 

• l> Germ* Soliwapp 
- Adiusiible Rip Stand 

m Iwspaiwi Coii^Shwi IJOWC^ 

ini SKires ihe Len^e 
Eidemal Power &ip^ 


Mow Pbd/Tiudi Pad.BJR • CasCAO 1i Cad Package 


MttiiEic Mouse Pad/Tacn 
Pari. 


0.90 


i 3 Ytei warrai^ on 
Genius ..C200 


Qumi Laser. 

OkHbia All Uoi^ 
OTG All Modkds.... 
Ad Mudefs . 


Cilcren All lAoPels . 


PRINTERS 

13199 Alps Ateara .... I MS 

■ CALL Alps 3£4€ . . ., 735 

laiL cawi &J-130. 725 

■ MLL Canon tSF-BlI Law _... 2615 

.CALL PanaSomtlS24. WC 

CAU PswsomcllOl. 239 

Farasonic HOT..__ . 115 

Panasonic Law . 1375 

BOARDS 


AlfK Aidegw .S 345 

OwwtJJii 39 Ktear tterranCy -CALL 

Genoa.CALL 


Models.CALL 

BOCA. CALL 

Cobra All Models.... ...CALL 

Paiiidtse VGA fte.12IS 

Pauadise Pri7l . 4SS 

Coiitmi Systone. call 

Nm..CALL 

MtCfosyslem ..CALL 


WRED 7 

Vid»7 VfiOT.M7S 

Fislwle. J50 

vdip 0^. m 

iULTITECH 


IOMEGA 

8$nQiiJl1 Bqk 

8-120-1 21.4 MO hileriHl.1105 

144-1 44 MB mvm\ .<1004 

IVTnr do m Mrid >tqlkrAitt. 
ALLOY 

PC S4ave71BN . 1739 

NTNX . 012 

Nelriever 40 ... 387 

LAPTOPS 

NEC MULRSPtED EL _11565 


UU 


NOVELL 

ARCNET 

* Cm* Siartopoiogy .., ., ,, tii2 

• 1B Dll Cult... 390 


2lfi 


. lamaiil/E PC 8' Bil. 

TIARA ARCNET 

• LflncanJlA PC. 

SfHOfTIGS 

. ?5(J0iZSl0Wfei1iarmjp... 


T-5KKHa. 17677 

T'5202-1OT... 6194 

MlTOTUSHI 

- CGA'286 2DW0H.D....K298 

* KA-See 48H8 H.O. .. 2TS| 

POWER PROTECTION 

DHiashwid. CALL 

Salt fewer SyslariK.CALL 

TAPE BACKUPS 

tmflfald Sysleins.CAU. 

Genoa. CALL 

RWn.CALL 

Irwin .CALL 

HARO DRIVES 
COCIMPRIRIIS 

72 MB mat 600 MB.CALL 


Call for pricing on larger digitizers 


Sconsdale Sysfems • 1555 W, University Dr., Tempe, AZ 65261, 

Pneai tl«t«d are (W caeh MatlarCord btkI Visa add AZ rHld«nle add 6’>VS lai; add 5^ liw C-O.O.i add 5'4 lor P.Q. and Inlernahonal ordei^ all Ltems are ntw WHh maoufielurvrt warranty; Ratumed 

praducis iubfect to 2£7% mtocklng lee and Ln new condlHon In driglnal packaging, with ad warranly cudl. dumtials and Clbltil HO Dfirdil issuad aller 30 dSyt Ifom dale OF sHIpmenEl We do nqt gpifarUet 
ccmpaiiblNly; Personal and company chtrekt lake up to S dayi io clear. Pricn and «p»ciltcaltons subject to change Producl subject to avallabJIily; all eppUcibki Iradamarks r4cDgnUar1 and on file 


602-966-8609 


FAX 602-966-8634 


LAPTOPS 


$385 FAX 


TOSHIBA LAPTOPS 


NEC LAPTOPS 


CANON FAX 


EPSON FAX tooo $789 


• T1000. 

....$619 

• NecUltralite2meg$179g 

• CANON Fax 20 . 

. $745 

• EPSON FAX 2O0C 

1 $869 

•T1200FB ... 

...$1365 

• Prosoeed 286/20 $2995 

• Fax 225 .... 


$1329 

MU RATA 1200 

$549 

• T1200HD ... 

...$1855 

• 286/40 ... 

.$3345 

• Fax 270 .... 

* f ■, 

$1525 

•M900 . 

. $579 

•T1600/20 ... 

...$3045 

• 386-/40 ... 

.$4395 

• Fax 350- 


$1795 

• F30 ... 

$1349 

•T1600/40 ... 

...$3389 

Mrtsubisht286-2F$1799 

• Fax 450_ 


$1845 

RICOH RF850 

$649 

•T3100E .... 

...$2555 

• 286-20MB. 

.$2299 

• Fax 630_ 


$2145 

• Fax 15. 

$1095 

•T3200/40 ... 

...$3269 

• 286-40 MB 

.$2795 

• Fax 705 .... 

. . . 

$2479 

- Fax 25. 

$1249 

• T3200SX-386SX $3795 

I SHARP LAPTOPS 

• Fax 8. 

. * . 

. $589 

• Fax 35. 

$1499 

• T5100. 

...$3999 

• 7241/40MB 

.$1999 

I PANASONIC FAX I 

• Fax 65. 

$1525 

•T520040 ... 

...$4695 

• 4602 ..... 

.$1359 

• KXF80 .... 


. $589 

1 SHARP FO 220 

$649 

•T5200 100 .. 

...$4999 

•4641 _ 

.$2195 

• KXF100 ... 

< > < 

. $625 

• F0300 . 

. $699 

ZENITH LAPTOPS 1 

•5541 . 

.$3499 

• KXF120 ... 


. $799 

• FO 330 . 

. $849 

•Z-184-10 ... 

...$1359 

1 PANASONIC PRINTERS 

• PANAFAX UF 135 

$559 

• FO510 . 

$1099 

•Z-184-20 ... 

...$1999 

•KXP1180 . 

.$169 

•UF145 .... 


. $679 

• UX350 . 

$1099 

•Z-286-20 ... 

...$2699 

•KXP1191 . 

.$209 

•UF250 .... 

. . * 

$1199 

• FO550 .. 

$1399 

•Z-286-40 ... 

...$2999 

• KXP1124* . 

-$298 

• UF 260 .... 

. ■ > 

$1399 

TOSHIBA FAX 

■Z-386-40 ... 

...$3999 

• KXP1592 . 

_$369 

1 SANYO SF-2U 

$625 1 

•T3300 . 

. $759 

COMPAQ LAPTOPS 1 

• LASERKXP4450 $1295 

•SF200 .... 


. $799 

•T3600 . 

. $869 

• 286-20mb . . . 

...$3689 

• KXP1595 . 

.$425 

•SF515 .... 


$1145 

•T3700 . 

. $999 

• 286 40 MB .. 

...$3999 

• KXP1524 . 

.499 

• AVATEX110/220V 

$535 

•TF111 .. 

. $749 







• TF171 . 

. $975 

PREPAY PRICES: VISA/MCX?OD + 2.9% Restock 20% Handling Chg. 5.95 No Excftange/Relums. 

•TF251.. 

$1065 

rJ*.C. 12603 Hoover St Garden Grove, CA 
92641 • 714/898-8626 /FAX 714-891-1202 

1-800 

- 383 - 

9915 

•TF331 . 

• TF451 

$1349 

SIflQS 


410 BYTE* DECEMBER 1989 
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When you buy a Bitwise system, you get 
maximum performance for your dollar. 
Every system is a leader in performance and 
price. And our pit crew will back you every 
step of the way - from knowledgable sales 
reps to great service. We're so sure you'll 
be satisfied, we offer a 30 day satisfaction 
guarantee. 

Fast Delivery, Fast Service 

When you place an order, you'll get it fast 
- one week or less on most systems. If you 
have questions, you'll get answers fast - our 
entire staff understands every system we 
sell. And should you require service, you'll 
get fast results too - we can drop ship a 
replacement part BEFORE you return the 
problem part, and factory returns are turn¬ 
ed around in 24 hours. 


Full 1 Year Parts & Labor Warranty, 30-day 
satisfaction guarantee. Shipping - You pay 
UPS Shipping Charges only, F.O.B. Troy NY, 
no surcharges. These are cash or check in 
advance prices. VISA, MC, DISCOVER, 
welcomed (2% surcharge). COD, add 1.5%. 
Personal Financing and Corporate Leasing 
Available. 


Model 212 

12 Mhz 0 Wait State 80286 
VGA Color Monitor 
40 Meg 28 ms Hard Disk 
1 Meg 0 Wait State RAM 

$1,645 

Model 325 

25 Mhz-rated 80386 
Fast Interleaved 0 Wait 
Design (cache avail.) 

VGA Color Monitor 
40 Meg 28 ms Hard Disk 
4 Megs 80 ns RAM 
$2,795 

World’s First 486 Portable 

80486-25 CPU w/4 Megs 
VGA Plasma Display (16 grey scales) 
4 Megs. Expandable to 24 
153 Meg 18ms ESDI Hard Disk 

Portable Price: $7,995 
Desktop Price: $6,995 

Ask About 386. 286 Portables 


SPECIAL SALE PRICING • ALL PCsl 


Model 

CPU 

RAM 

Monitor 

Hard Disk 

Price 

333C 

386-33 cache 

4 Megs 

V(aA color 

40 Meg 28 ms 

$3,595 

325C 

386-25 cache 

4 Meg 

VGA color 

40 Meg 28 ms 

$2,995 

320 

386-20 

1 Meg 

VGAcolor 

40 Meg 28 ms 

$2,395 

316SX 

386SX-16 

1 Meg 

VGA color 

40 Meg 28 ms 

$1,895 

212P 

286-12 

512K 

VGA color 

20 Meg 28 ms 

$1,395 

212M 

286-12 

512K 

Mono 

20 Meg 28 ms 

$1,095 


All Systems Include: 

Monitor and Hard Disk INCLUDED in ail prices. 
Choice of 1.2 or 1.4 Meg Teac Floppy 
Fast 1:1 Interleaving Hard Disk Controller 
Keytronics 101 Key US Made Keyboard 
Compact Case 17''w x 7.25'^ x 14''d 
(200 Watts, 3-5" Half Height. 2-3.5") 

2 Serial ports, 1 Parallel port, 1 Game port 
Tov^r Case add $100 

MSDOS 33/4.01 add $55/75 

Monitor and Hard Disk UpgradesCall for Great prices 


Call for a FREE Catalog 


1^800-367-5906 
518-274-0755 
FAX 518-274-0764 


Bitwise Designs Inc. 
701 River Street 
Troy, NY 12180-1233 




BnmsE 


DESIGNS 


I N C 
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Wsimured? 


SAFEWAKE® Insurance provides lull 
replacement of hardware, media and 
purchased software. As little as t39/yr. covers: 

• Fire ■ Theft • Power Surges 
• Earthquake • Vl^ater Damage • Auto Accident 

Rjt information or immediate coverage call; 

1 - 800 - 848-3469 

fn Ohio f^il 1^614 262 0559 


SAFEWARE, The IfL^rariCeA^^ency' inc 


Circle 235 on Reader Service Card 


200/1 OOMHz Logic Analyzer 



• 24 chflnnc!?;^ liming nnd State 

• Optional ejtpansion to 72 channels 
•200 or JOO MHz max sampling rale 
" 16 levels of irigjEering 

• I6K samplei^channel (.6 chimncl model 
•TTL, ECL Of Varidhle ihrcshold 

-3 eKiemal docks with 11 qualify inputs 

■ Data output to disk or printer 
»PC/XT/AT compaiible 

■ SJ2!>9 - LA271 m {lOflMHzl 

• StH^W- LA27200(200MHzJ 

Call-201 >S94>6E69 
Link ComiHiter Graphics, Inc* 
h 4 Sparrow Dr, Livingston, NJ 07039 Fax: 201-994-0730 
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□oaEKn 


VOPEX 


KEYBOARD & MONITOR 
500 FEET AWAY ~ ALSO 
DRIVE MANY MONITORS 
AT ONCE — CALL FOR 

FREE CATALOG 

NETWORK 
TECHNOLOGIES, 


INC. 

igT4S Elizabeth 51., Aurora, OH442Q2 
US 216^543^1646 or SOO^HGS-TECH 
UK 0244-08047^ I 

RAR1S 331^7632789 
GEMEVA 022-431124 c:^ 

CANADA 416-677-6500 
MUNICH 0130811234 




Circle 37Q on Reader Service Card 



PC-Based Programnfier 


GAL 
PAL 
EPLD 
EPROM 
EEPROM 
MICROCONTROLLER 

TI NS MMI LATTICE CYPRESS 
ALTERA AMD INTEL SAMSUNG... 

• 20 mu 24 PIN PAUGAUEPLO. 

• 271627101 EF^OMS. iHigh speed to 35ns) 

• EEPROMS up to 26256 

• MICROCONTROLLERS (wilh ad^or) 

• DSP Tl TM&-320 (wito sdaptof). 

• JEDEC, Irtef Hex, Binafy, Moiofo*0 S’ Rles 

• Read, VWiie, Proiect, and Viarify. 

• Full Screen Editing in Hex and Asci. 

• Byto spJi tof 16 and 32 bd systems 

Call- 201-994^6669 

I Link Computer Graphics, Inc, 

4 Spanow Dr, Livingston. NJ 07039 Fac 9946730 
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6809 



Single Board Computer 


RAM, EPIKDM, reCiJ'tlmo Clock. wOtchdog \ 
44 pln 4.5*^ « 6.5 PC& 

iXfWiSION MODUi£S: RAM, EPROM, CMOS 
RAM/baftery, analog i/p, serial I/O, 
paroltel I/O, counrer/tlrner, IEEE-468, 

EPROM programmer, floppy disk*, 
cossene. breadboard, keyboord/diaplay. 


WmleK Corp 
ISUt Soum Sfr«4T 
Lofov^. IN 47404 
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Terminal Emulalion 


TEK 4105/4010 

* lektrontif 4105 

4010/4014^ 

- Vr22a VT1D2 ^ 

• Picture files 

- VGA and £GA supporf 

- Hfgh msoiutfon hardcopy 

VT220 


• V7:?20, VTl02emumson 

* File franster 

■ 732 column modes 

• Color support 

* Hot key 


mmm Diversified Computer SystemsJtic. 

3775frtsAifeniiQ. S\niG fS 
Boukisi. CO80301 
FAK 3O3^447-U06 


vritj?. vr^ - OFO - naiwiciJinc 
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DATA ACQUISITION 


needs ? ANY computer 1 

• PC Software Included 
m Serial, Modem, A Bus 
■ Stand Alone AbiJIty 
V| * Laptop & Handheld 
T . PC & MAC Carda 
■ Inexpensive 
, OEM a VAR 




• RTU’s 


Call for FREE DEMO DISK ! 

I Specialists in portable arrd batiery becked up 
as well as PC cooipatible modular systems. 


Call lor applications info; (2011 299-1615 
^.O. Box 246; Morris Plains, NJ 07950 


ELEYOR 


9-Track Tape Subsystem 
for the IBM PC/XT/AT 



Now vou can exchange data files between 
your IBM PC and any mainframe or mini¬ 
computer using IBM compatible 1600 or 6250 
BPI 9TTack tape. System can also be used for 
disk backup. Transfer rate is up to 4 
megabytes per minute on PCs and com¬ 
patibles. Subsystems indude T or ID Vi" 
streaming tape drive, tape coupler card and 
DOS compatible software. For more informa¬ 
tion, call us today! 

nURLSTHRl 

9621 Irondale Ave„ (^latsworth, CA 91311 
Telephone: (818) 882-5822 



Turn your PC into a 
Tektronix Graphics Terminal 


ETfi “TA 
r I W SYSTEMS 

(800) 962-3900 

10801 Dale St., Stanton, CA 90680 
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A-BUS 


NEW; REMOTE A-BUSl Use the new Senal (RS-232) Adapter or 
Processor to control any A-BUS system. Cards can be up to 500 ft 
away using ptxxie type cable, or off premises using a modem. Call or 
send for the new A-BUS Catalog which covers all the products. 


Classroom to advanced industrial applications. 

Be a IV/zarcf In your Lab, Factory, College, Home... 

It used to be difficult and costly to do process control, robotics, data 
acquisition, monitoring and sensing with your computer. Now the 
low-cost A-BUS system makes it easy to do almost any project you 
o' can imagine. 

Versatility. A-BUS cards handle most interfacing, from on/off 
switching, to reading temperatures, to moving robot arms, to 
counting events, to sensing switches... 

Adaptability. The A-BUS is modular, allowing expansion well 
beyond your needs. It works witfi almost any computer, or even as a 
remote data station with the new serial adapters. 

Simplicity. You can start using the A-BUS in minutes. It's 
easy to connect, and software is a breeze to wite in any language. 

Reliability. Careful design and rugged corvstruction make the 
A-BUS the first choice in speciSized I/O. 

An A-BUS system consists of: ■ An A-BUS adapter plugged 
into your computer ■ A cable to connect the adapter to 1 or 2 
A-BUS function cards. ■ The same cable will also fit an A-BUS 
Motherboard for expansion to up to 25 cards in any combination. 


_ Important _ 

All A-BUS Syslenis; ^ Come a3semtiie<i and tested 4 include detailed fnanuals wfth schematics 
and programming examples t Can be used with almost any language (BASIC. Paacal. C, 
assembler, eic,} using simple "IN* and ’OUT commarids PEEK and POKE on some computers) 
♦ Ctrl gm to 25 cards |ln arry comUMofi) per adapter ♦ Prcvidt jun^r selectable addressing 
on each r^d # Rerquire a sii^le low cost unregulated 12V power supply 4 Are usually shipped 
from slock. (Overnight servioe is available.) 


About Alpha Products 

Founded in 1976 lor the purpose of developktg low cost i/0 devices lOr personal computers. Alpha 
has grown to serve over 70DQ0 customers in over EO countries. A-BUS users indude many of the 
Fortune 500 (IBM. Hewlett-Packard. Tandy. Bell Labs. CM,..) as well as most major universities. 
A-BUS products are U.5. designed, U.S. built, end serviced worldwide. 

Overseas rMIbutora: Englind: Caidy Science Assoc. Ud.. Merseyside. 061342 7033. 

Austrafia: Brumby Technologies Pty. Ltd. KSW. 7691036. France: CoseEni Rungis. 46 66 64 75 


Inputs, Outputs, etc. 

Analog Input: 6 analog inputs. 0-5.iV In 20mV steps (8 bits). 
0-1OOV range possible. ^00 corrversions/second. AO-142: t142 

12 Bit A to D: Analog to digital converter. Input range -4V to 
+4V, expandable to 100V. On-board amplifier. Resdution imV. 
Conversion time lOOms. 1 channel. (Exfiand to 8 channete with the 
R£-1S6card.) AN-14a;|15a 

Relay Card; 8 incMdually controlled industrial relays each wti 
status LEI'S (3A at 12GVAC contacts^ 3PBT). fl£-t4(k 1142 

Reed Relay Card: b reed relays (^mA at 60VDC. SPST). 
Individualty controlled and latched, with status LEDiRE-ISB: $109 

D/A converter: 4 Channel 8 Bit D/A converter with output 
amplifiers and separate adjustable leterences. DA-1 47: $141 

24 line TTl I/O: Connect 24 input or output signals (TTL 0/5V 
levats Of switches). Variety of tTK)des.{U^ 00-148: $72 

Digital Input: b optically isolated Inputs. Input can be StoiDCfV 
voltage levels or switch dr^res. IK-141 : $85 

Digital Output Driver: b outputs: 2S0inA at 12 V. Drive rel^. 
solenoids, stepper motors, tamps, etc. ST-143; IJB 

Clock with Alarm: Powerful clock/calendaf. Battery backup, 
TimInQ to 1/1 DO sec. Alarm relay. LED and buzzer. Cl-144: $9t 

Touch Tone Decoder: Each tone is converted into a number 
which Is stored on the board, PH-t45: $87 

A-BUS Prototyping card: 4x4.5' card, wa accept up to iq 
I.C.S. With po«f i ground bus, Pft-152: $18 

Counter Timer: Three 16 bit courters/hirm Use seperalely or 
cascade lor long (46 bit) counts. Cl~m $132 

Callourappfartiorengineasto 


Motion Control 

Smart Quad Stepper Controller: The world's finest 
On board microprocessor controls four motors simunaneousfy. 
Uses simple Engftsh commands like 'MOVE ARM 1Q2 pNCHES) 
LEFT. For each axis, you control coordinates {absolute or rela¬ 
tive). ramping. ^)eecl units, scale tactors. etc, Many inputs tor limit 
switches etc. On the fly reporting of speed, position,.. Built in 
drivers tor small motors (such as MO-1 D3 or , SC-US: $299 
Options: 5 amp^phase power booster for 1 motor: PD-123: $49 
»- Remote leach' keypad tor direct motor control: RC-121 : $54 



A large A-BUS system with two Motherboards 
Adapter in the toreground plugs into PCJCTAT type stoL 


Stepper Driver Kit; For experimenting with stepper motors. 
Includes 2 M0-1O3 motors and a ST-143 dual driver PA-t 8 l: $9 b 

Stepper Motors; (4 phase, unipotar) 

MO-103; 2 */*' dia, V 4 ' shaft. T.^/step. m 5 ozHn lorque. $15 
MO- 1 W: T dia. v*' shalL 1 ,r/^ep. SV. 60 oz-in torque. 145 
MO-105: IT square, . 2 " shall 3JS^/siep, 12 V. 6 oz-in. $15 


A-BUS Adapters 

^ Can address 64 poris and control up to 25 A-BUS cart^. 

> RequiFi one cable. Motherboard required tor more than 2 cards. 

A-BIIS Parallel Adapters tor: 

IBM PC^/AT a compatibles. Uwtcn^Evtatwiki Afl-133:t69 
Apple ll.ll+.lle Rugi Hditt M Mie. AR-134; $52 

Cocnnxidore 64.128 f^inbEiipinijcni\x^ AB-t39: $48 

TRS-66Model1 02200 Ui«i«ph*Sy^W, AR-136:t78 
Model 100 [Tandy portable] Refill? on te AR-t35:$75 
TRS-60Madei34,4Dr-CdikmMiiBif»pMb«kiiMi AR-132:$S4 
TR5-eOModeillij(pN740pfafe|iifi^ AR-131;$39 

Tandy CokH Computers FiiFVMfkitui^ AR-13S;$49 

A-BUS Cable: Keoessary 1o connect any parallet adapter to 
oneA-BUScardortofif5trnothert)oard.sOpjn,3ft. CA-183:$24 
SpeciafCablelortwoA-BUS cards CA-f62:$34 

Serial Adapter: connect a-bus systems to any RS -232 port 
Altows up to 500 ft iTom computer to A-BUS. SA-129: $149 

Serial Node: To connect adcfttkmal SA- 129 /A-BUS systems to 
a single RS232 serial port (max 16 nodes). SM-I2e: 149 

Serial Processor; same as above plus bunt m bask; for on¬ 
line monitoring, logging, decision making, etc. SP-127: $1 89 
Use SA-129 Of SP-127 with modems for remoie data acquisifion 

Motherboard: Holds up to 5 A-SUS cards ki sturdy aluminum 
frame with card guides. A sodh connector allows (using cables CA- 
1 61: $1 ^ addittonal Moiherboards to be added. MB-12lh $108 

Power Supply: Power pack for up to 4 cards, PS-126: $12 

Complete Catalog Available 

For Orders and Info call (203) 656-1806 

Weekdays from 9 to 5 EST or FAX 203 656-0756 


Ordering Informafloft: We accept Visa Mastercard Checks, and M.O, ao.D. is $4 extra. 
Purchase orders are subject to credit approval. CT residents add 7.5K sales tax. 

Shipptog: $4 per order (usually UPS ground;). UPS 2nd Day Air: $4 extra. Next Day service 
available. Canada: $6 per order (Airmaif). Oufisitto US and Canada: Add 10% of order total 





ALPHA IMo>^©(i 

242-B kVesf Avenue, Darien, CT 06820 
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LANDMARK 
= 43.5 MHz 

$1395 


Intel 80386-25 MHz CPU 

- 256K or TMB SIMM 0 wait 

- Advartc>ed Write Sack cache 
* Max. SMB on Board 

- OS/2, MS DOS, Xenix, Novell comp. 

Mono system w/lmeg $2020 

256K cache upgrade $ 250 

Schwab Computer 
730<; East El Camino Real 
Sunnyvale, CA 94087 

TEL (40B) 245-6666 FAX (40a| 245-31Q3 


UNIVERSAL 

PROGRAMMER 



E(e)PROM, 

PAUEPLD, 

GAL,PEEL,FP1^ 

BIPOLAJt, 

8741^51 S£RI^ 

@{»uTTUCMOS 
add I>/S RAM. 

S54S {W.W9tT} 

[FfD^BioE E(E)PRUMi uptD md It&BM vHde. 

IdBil- sad ^Bal- WORD SPLIT &. 4^GANa adapt<)r. 
proginiu PALs (22V10J frani AMD,MMI,TI,NS,SAMSUNG. 
sDf ports PALASM27CUPt/ABEUORCAD JEDEC filcE. 
sopporls VERLFICATION using TEST VECTORS. 
pnogrunsOALsA FPI 4 from LATTICE,SGS,NS^SIOhfETICS. 
EUppOrtS RALs ic GAL i:i6V£l,^VS) dcvicni- 
pmtpuEu EPLDs lr(m INTEL^U'rERA,ATMEL,CYPRESS. 
propiois FEELs frain lCr,HVUN DAI, GOULD (233,373]. 
progruii& BlPULAR PROMs. 

prog^SJHGLECHlPi 8748^51 J7C51 SERIES induduig 
a7i:A31,S7C75lj6aTOlXnf/Vi637a5V adiplofi. 
tc4U ICl CTTL^CMOSl St MEMORYe (upiD IMB) 
with USER DEFINABLE TEST PATTERN GENERATION. 
High-Sptxd,Faraiet Interfye & S/W Upgradatilii: for New Pmti. 


XELTEK I 800-54 MV75 (ToU Free Ofcfcf) 

473 SAPENA CT. #26 TEL: (408) 737.«995 
SAI^A CLARA, FAX; {408] 727-B996 

CA 95054 cdd,visa,mc.amex 


How to Protect 
Your Computer 



And Make It Last Longer 

FREE money-making literature. What you Tieed !o 
know about UPS — uninterruptible power sy&Eecm. 
How to get complete protection from power line 
ptroblejns, 350 VA to 15 KVA niodels rrom the 
world's laf|est manufaeturer q( siingle-pha.se UPS, 
Best Fbwer Technology, Inc. 

P.0 Bax. 2R0, Mecedah, Wi 54646 

Toll-Free (800) 356-57^ ext 3784 

(608) 565-7100, ext. 3784 
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EZ-WRITER 


(E)EPROM Multf prog rammer® 
DATA I/O 212* Performance 
For Only 


$ 995 . 


loa-jt USA 
Made 



Supports 
CE)EPROMs 
uptodO-plns. 

Stand-olone or Remote' 

40-pjn Micros Opt, 

SET/GANG4 (E)EPROMs Opt 
Parallel porf for Fast Up/Oown Load. 
256K bytes, expandable to 16megabits, 

1-800-523-1565 

In Florida (407) 994-3520 
Fax: (407) 994-3015 

' DATA H3 Is a Fegistefa) iratteritafH DATA IW Ctxpofaion 
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IEEE 488 
Solutions 


* Hardware Jioftwaie inierfaces for PC, AT, 
386, PS/2, Macintosh,SUN. HP & DEC 

* IEEE converters to SCSI RS-232, RS^22, 
modem, Ccrtrxxiics, digital I/O & analog I/O 

* IEEE extenders, expanders & hutTcrs 

* lEEEdrivcfii fw DOS, UNIX* Loiu.t I-2-3. 

Symphony & Quattro, 

Call or send for your 
FREB Technical Guide 

DentB tiisfs and appitcaiit^ no^ 

?? IQtGch 


(216) 439-4091 

Tdc* fdUafi’ORM ■ Fm 

IODkIi, Inc. * Z39'7 L CXnnnTi Rood 
CI^(l*nct,Otii&44|4« 
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FREE CATALOG I 



WHnEDrCAatflrYUUHFRff 
CQMPREHENSIVEBAB ” 

EUaHONI&S CATALOG TODAV! 

Pages and pages of photographs 
and illustrated, desorlptivittixt 
for B&0 's complete line of RS- 
232 converters, flS‘422 con* 
verters, current loop convert¬ 
er. adaptor^, break-out box' 
es, data switches, date splll- 
ters, short haul modems, 
surge pnDlsctors, and much, 
much more. Most products meet 
FCCf^tSJ VburFlS-23;2 needs 
for qualfty, service and compeiltive 
pnees wil I its more than inet by S-& 0 IB Mr m UVEI 

ELEORQNICS IVlajiulaclurer to yur, lu mid- 
dlflinanr Money-beck guaranteel Same-day 
shipment! One-year warranty on products! 

Tochnical support Is avellable. 

Write For Your FREE Catalog Today! 

&n electrnnicK 

BV MAIHUFACTUHINU COMPANY 

AMM fiakw PiJ. M 1WD * Otiwa, IL 61350 

Phone: 815-434-0846 
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SIMMs 


1 Meg X 9-80 ns 

*109 

ory 

8215 

8395 

H25 

8375 

8875 

8595 

IBM PS/2 Memi 

1 Meg for 70-E61 & 121 

2 Meg for 70-E61 & 121 

2 Meg for 70'A21 

1 Meg for 80-041 

2 Meg for 80-111, 311 

2-8 Meg, SZ-bH Memory Board 

tsmma' 

I 

1 1 Meg & 4 Meg lor all models | 

1 Laser Jet 


1 1MB 2MB 4MB 1 

1 S245 «375 *595 | 

SOUTH COAST ELECTRONICS 

10920 Wllahlro Blvd. Sto 1100, Los Aoselei, CA 90017 
(213) 206^3260 Fetx (213) 208-3282 

(800) 289-8801 


8051 68HC11 



For into caN: 
Auctratla.. . 
Austria ... . 
BfinelLiK ... . 
Caisda 
Denmark ... 

Finland. 

Franca__ 

Graal Brilnin 


Koras 

New Zealand 
Frugal . . . . 
Scandlrvavta. 
Singapore 

Spain. 

Bwrtzdflend 


(d2) B&4 1B7B 
10232) ^ TB PB 
4-21 iBBe-iem 
vsi4-4ft^sa6g 
{02) ^ ei 11 
9tMS2 12^ 

|01) 8B 412 001 
0M3 73 3140 
(03) 404^32 
{011) 7710010 
(02) 704 7B41 
{00) 302404 
(01) 03 EG 70 
* 4B 40022425 
0«G 743-2006 
(03) 217 2340 
(01) 740 41 OS 
(02) 7B40213 
0«13MBf7 
(400) 370-7000 


noHau 

CORPORATION 


51 E. C^pUell Aw., 
C^mpbdl, CA 350O0 

(400) 060-1020 


Turn your old XT/AT 
into a 


1 v« 

WARPSPEED/386 

2USX tvtnther&oard 



* In«t 16 MH?. S0386 SX CPU 

* Sockc I for Intel S 0387 SX ODprocEiHr 

* Shadow RAM Sup^pt^i 

' 8 Hji^uueczi Stou 6.16 bits, 2-8 bib 

* I/O Speed at 8 MHz td iu 

* InierlcaYc w/lhfb RAM 
" Futly AT Ccimpatible 


E c^iatki^ cinda 


1(800) 627-6998 
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^p“h.c Full Page Scanner ..938B 


Includes Free PC Paintbrush Plus 

. 300 Dots Per Inch • Fast.,7 Seconds Per Page 

. Automatic Sheet Feeder . Up to 32 Gray Scales 
. Includes PC/AT Interface Card • One Year PCS Warranty 
. Software Selectable 300/200/150/75 DPI 


I jadecomputer 

PRO-286 


jadecomputer 

Turbo-881 



?498 


- Monitor Optional 


—A PROVEN BEST SELLER— 

8068 microprocessor rurv • 150 watt power ajpply 
fining at 10 MHz or 4.77 • 0067 socket 

540 KB • panel display 

S25* 360KB RAM Drive • 101 Key enhanced keytx)ard| 
Dual diskette dnve controller • Serial RS-ZSZC port 
Parallel printer port • Game port 

Eight XT expansion slots • Oock/Calendar 

Monitor & Hard Drive Options 

noppy I 20 I 30 

Only 1 Megabyte | Megabyte 

Complete Monographics System 

^598 1 *798 1 *848 

Complete Color Sy^em 

*698 I *898 I *948 

Complete VGA System 

*898 I *1098 I *1148^ 




12 MHz 

$7981 

20 MHz 

M098I 

—286 POWERHOUSE— 


Monitor Optional 


I • 80286 processor running at 

12 MHz or 20 MHz • 80287 socket 

• Zero wait state 

• 1 Megabyte of RAM 
> 1.2 MB or 1.44 MB dnve 

I • Hard/Floppy controller 
I. Six l&ert & TVvo 8 Bit 
expansion slots 


• Qock/Calendar . 

• 101-Key enhanced keytxiard 

• 200 watt power supply 

• Norton S.I. 137/20.3 

• Landmark 16/25.9 

• One Year Warranty 


Monitor & Hard Drive Options (12 MHz) 

Floppy I 40 I 80 

Only I Megal^ | Megalyte 

Complete Monographics System 

*898 I *1248 1*14981 

Complete VGA System 

*1198| *1548 1*1798 

Pw 20 MHz ^stMn Add *298 


jADECOMPUT&t 

m Super-386 

3 20 MHz 


,.”1. ^14981 

25 MHz 

Jt. -'*■ j CQOl 

Monitor Optional ^ 

25 MHz Cache 33 MHz Cache 

$2198 $2898 

—FIRE BREATHING 386— 

. 80386 processor running at • Full size case 
20 MHz, 25 MHz 33 MHz • One 32-Bit. Five l&Bit 
. 1 MB RAM expands to 6 MB Two 88it slots 
. 384K Shadow RAM . 101 key enhanced kryt>oard| 

. 1.2 MB or 1.44 MB dnve . 200 watt power aippiy 
.1:1 Interleave Hard Disk • Clock/ Calendar 
/floppy Disk controller . Norton SI- 23/31.6/31.6 
• 00387 socket • Landmark 255/32.6/43.5 

Monitor & Hard Drive Options (20 MHz) 

Floppy 40 80 

Only I Megabyte | Megabyte 

Complete Monographics System 

*16481 *1998 1*2198 

Complete VGA System 

$19681 $2298 |*2398 

For 25 MHx Md 'IMj 

ror 25 MHx CulM AM *898 for 33 MHx Cacli* AM*1386| 



EPSON Panasonic 

LX-810 ...*178 KX-1180 ..*178 

FX-850 ... .Call KX-1191 . .*238 
FX-1050 ...Call KX-1124 ..*318 
LQ-510 ...*328 
LQ-850 ....Call 
LQ-950 ....Call 
LQ-1050 ...Call 
LQ-2550 ...Call 

HEWLETT 
^nM PACKARD 

New LaserJet IIP.*1098 

KP. LaserJet II.*1698 

H.P. DeskJet. *598 

H.P. DeskJet Plus.*698 

H.P. DeskWriter .*848 

4 MB RAM Card w/1 MB.*298 

172 Fonts in a Cartridge.*288 

Rotter in a Cartridge.*268 

PostScript Cartridge.*498 

Extra Toner.*98 

Extra Ink Cartridge.*19 

Surge Protector 

S.L Waber 6 outlet.*18 

Isobar 4 outlet.*48 

Isobar 8 outlet.*68 

Isobar modem protector.*24 


TYippllte Line Stabilizer 

600 W!att Line Conditioner.*98 

1200 Watt Line Conditioner ...*158 
1800 Watt Une Conditioner .. .*188 


VGA Package 
Card ^^78 



Monitor $298 H^RKCard 


$688 


Plotter 

Ijst puce 
M796 

Roland DXY-980 

8 PEN 230mm/SEC 
.05mm Resolution 
HPGL Compatible 
Electrostatic Hold Down 
Parallel and Serial Input 
Digitizing Capacity 


TiippUte Battery Back-up 

450 Watt UPS.*398 

750 watt UPS.*498 

1200 Watt UPS.*698 

iny 

8087.$88 80287-12.*278 

8087-2 ...*118 80387-SX .*318 

8087-1 ...*158 80387-16.*348 

80287 ... .*128 80387-20 .*388 

80287-8 ..*198 80387-25 . *488 

80287-10 . *228 80387-33 . *598 

Better Than Intel 

IIT Coprocessors In Stock_Cali 

Dnvt Kit w/ 

Hard Disk Sale onty Controller 

20 MB 60ms *198 *248 

20 MB 35ms *248 *298 

30MB60nns *218 *268 

30 MB 35ms *288 *338 

40 MB 40ms *298 *348 

40 MB 28ms *348 *398 

60 MB 40ms *388 *448 

80 MB 28ms *538 *598 

120 MB 28ms *698 *768 

150 MB 23ms *998 *1098 

CMS 40 MB Tape Back-up.*268 


Modem 

1200 internal w/software.*48 

2400 Internal w/software.*88 

1200 baud external.*88 

2400 baud external.*148 

2400 PS/2 internal.*198 

Intel 2400B for PS/2.*278 

Daisywheel a 

*199 

Logitech 

LogiMouse Serial.*68 

LogiMouse Hi-Rez. Bus.*88 

LogiMouse Hi-Rez Serial.*98 

Mouse 

Opto Mechanical 9 
With Software Ail 

Scanner 

Complete hand Scanner.*98 

Complete Half Page.*218 

Complete Full Page.*548 

Logitech Scan Man.*248 

Diamond Rower HS-3000 Plus .*198 



California 
Torrance. Costa Mesa, Woodland Hills 
Kearny Mesa. Sunnyvale 
Texas Georgia Arizona 

Addison. Houston Smyrna Phoenix 

Not all Items in stock at 
our nine retail locations. 


■ JADECOMPUTER 


4901 W. Rosecrans Ave. Box 5048 Hawthorne. Calfbmla 90251-5046 213-973-7707 

Continental U.S.A. 1-800-421-5500 Inside California 1-800-262-1710 


We accept checks, credit card or purchase 
orders from qualified firms and institutions. 
No surcharge on credit card orders. CA,, TX. 
GA & AZ. residents add sales tax. Prices and 


availability subject to change without notice. 
Shipping and handling charges via UPS 
ground 50C/lb. UPS air *1.00/lb. Minimum 
charge *4 00 Fax machine 1-213-675-2522 
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VOICE MASTER KEY® 

VOICE RECOGNITION 
SYSTEM 

FOR PC/COMPATIBLES & 
TANDY 1000 SERIES 

A FULL FEATURED VOICE I/O SYSTEM 


GIVE A NEW DIMENSION TO PERSONAL COMPUT¬ 
ING. . -The amazing Voii^a Master Keiy System adds 
voice recognition to just atwut any program or 
application. Voice command up to 256 keyboard macros 
from within CAD, desktop publishing, word process¬ 
ing, spread sheet, or game programs. Fully TSR and 
occupies less than 64K. Instant response time and high 
recognition accuracy. Voice recognition tool-box utiil- 
ties are included. A gemilna productivity enhancer! 

SPEECH RECORDING SOFTWARE Digitally record 
your own speech, sound, or music to put Into your own 
software programs. Software provides sampling rate 
variations, graphics-based editing, and data compres¬ 
sion utilities. Create software sound files you can add 
to macros for voice recognition verification response A 
complete, superior speech and sound development tool. 

SOFTWARE CONVERSION CODES. . The Voice 
Master Key System operates a growing list of third 
party talking software titles using synthesized phone¬ 
tics (texHo-speech) or digitized PCM, ADPCM, and 
CVSOM encoded sound files. Voice Master Key System 
does it all! 



EVERYTHING INCLUDED. . .Voice Master Key 
System consists of a plug-in card, durable lightweight 
microphone headsel, soil ware, and manual. Card fits 
anyavailabte slat. External ports consist of mic inputs 
and volume controlled output sockets High Quality 
throughout, easy and fun to tise. 

ONLY $149.95 COMPLETE 

ONLY S89.9S FOR TANDY iDflO Sl/TLMOOELS- 
SOFTWAHE PACKAGE ONLY. 

Requires Tandy Brand Electret microphnee. 

ORDER HOTLINE: (503) 342-1271 
Monday-Friday. 8AM to 5PIV1 Pacific Time 

Visa/MasterCard, company checks, money orders, 
CODS (with prior approval) accepted. Personal checks 
subject to 3 week shipping delay. Specify computer 
type and disk formal [iw " or ') when ordering. 
Aid $5 shipping charge for delivery in USA and 
Canada. Foreign inquiries contact Covox tor C S F 
quotes. 30 DAYMONEV BACK GUARANTEE IF NOT 
COMPLETELY SATISFIED. ONE YEAR WARRANTY 
ON HARDWARE. 


CALLOR WRITE FOR FREE PRODUCT CATALOG 




COVOX INC 675-D Conger St. 
Eugene. Oregon 97402 U.S.A. 
TEL: 503-342-1271 • FAX 503-342-1283 


416 BYTE* DECEMBER 1989 




9 TRACK 
TAPE SYSTEM 


FOR IBM PC/XT/AT 
&PS^2 



- Maintrame to PC Gala Transfer 
* High Speed Backup 

- All Software. Complete System 
’ Service and Support, easy 

Insullation 

call (011) 343-GS05 or write to: 
CONTBCH Computet Cotp. 

P.O. Sai rU rananui, CA tiaSS 


COMTECH 
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nif MFIRVMFIC' 


Discounting 
J{f*^^omputers, FAX 
& Ceiiuiar Phones 


Radio/hack'" Tandy* 


VC% will Tticei or beat. . . 

GUARANTEED LOWEST PRICES 


(hf MflfiVfVWC (ISlOliSTHIES INC 
22511 Katy Fwy. 

Katy (Houston), TX 77450 
1-7B-392-0747 FAX (70) 574-4567 


Toll Free 800-231-3680 
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Where’s the @!^ 



Malcc the cursor BIG aud BOLD 
and BLINK at any rate! The No- 
Squint Cursor “is a lifesaving 
utility for laptop users. 
Computer Digest. Recommended 
by Peter Lewis in the NY TIMESj 
Bill Machrone in PC magazine; 
and Jerry Pournelle in 
INFOWORLD, No-Squint is 
$39.95 + 2.50 shipping from: 
SkiSoft Publishing., 1644 Mass. 
Ave», Lexir^gton, MA 02173 
(617)-863-1876 Visa/MC/Amex 


TOSHIBA 

LAPTOPS.^ 


FACTORY ■ DIRECT PRICES 

Rock-Bottom prices and immediate 
availability on all Toshiba laptops and 
accessories. We are Toshiba's largest 
factory-direct dealer in all of California. 
All orders ship in 24 hours! Printers. 
Lancards, both dedicated and non- 
dedicated modems, tape back-ups, 
battery packs, memory boards, etc. 
Just a few samples of options 
available. Call today for a complete list 
of all options and most current pricing, 

TOTE-A-LAP 
1501 Et Camlno Real 
Belmont, CA 94Q02 
415-591-1671 
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IMAGING CARD 



• Dual camera 

• Composite video infoul 

• 256 X 240 resolution 

• Digitize/dispiay at frame speed 

• 16 Meg. color palette out (D\q}2) 

• External trigger input option 

• PC/XT/AT compatible 

• Complete with software & library 

OV-02 8-bit 256 gray levels . $849 
DV-03 6*bit 64 gray levels .. $549 
VISA/MC Demo disk available^ 

Control IHsion 

PO Box 596 Pittsburg KS 66762 
800/292-1160 316/231-6647 
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THE EENERAL ST9RE 
RETmi] QFEWIBN! ilETEM 


Tire premier system tor retail store managemarL 
Supports cash drawers, barcode readers, recalpt 
printers, cuslomar displays, dioital scales and 
complete online credit card authonzalion. Controls 
all lypes of ratal I sloras botf i hardgoocts and apparel 
with complete slze/color malrfx management and 
mporting. Easy to Install and use. Field proven Tor 
speed and reflablllty. Provides all Itie features 
needed for today^s retail merchanl at a price far 
below comparable systems. Demo system available. 

, Accounts Receivable 
Point of Sale 
Inventory Control 
Accounts Payable 
General Ledger 



Mailing List 

.Mullluser/Network Ready... 
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$995 Complete system 
Dealer Inquires invited. 


Lrichlow Data Sciences, Inc. 

(8041 471-0500 

P,0. Bot 6420 - VirginU Beach. VA 23456 
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|High Quality * No-Risk Guarantee ★Low Price ^Expert service ★hast l 


We’ve Built Our Reputation on These Factors for 10 Very Successful Years. 



CLONE 386 

*1999 

20MHz, 32MD HARD DRIVE, 1 Hfl 0 WAIT 
RAM, AND 14" MQ^DCHROMC MONITOR 

-Iz, 1HB HAMh twi» sjrileim. f 14 SO 

Iz, 1MB RAM, 22K ucJlv. iwH tymtwn . 17 86 

U, IMB HAH. aait tmltt), bM trtirm 2094 

Iz, tMB RAM, aSK CKh«, twu lifttliin .. 2729 


4E STANDARD FEATVRESi 
luinB 00366 - CPU’b. 

i f Bs 1Q Wait State HAM f32K Cache w some 
delft. chan}. 

h Perfcmnance ^ 1 InterlBHVB, SOO KtVwG 

appy/:2 HD Coatrcillaf. 

(5.25" or 1 44lil S.5" Floppy Dova 

ir CiMjicat. 

Key ’■catekTicnie" Keyboard 
irHltel, 1 SariBi, 1 Jny&licln Port 
^-220 Wall Ppiwer SMPPljr 
07AVoitek CoprocBssoT [Ezcapl BSso 
HHzJ. 

board Cipck/car W/Bailary ^ckup 
ipanaion Slola. 
jp Ulilily m ROM. 

“ em Resel Swiitb on Frtjni Pan«i 
EMS4.a Drl¥Br. 

Speied Swllcfisble. 


jii and OS72 Compatiate 
Vftar Parts S Labor Warranty 
iptolBSotlwHoa Pack Including. 
Wrll* - OModam - ExpnusCa^ 
iMarvu - HomsflaaB - MonByMaater 
ex - Hard ttsk Cache - Cltme 
liaft. 


CLONE 286 

*1279 


laMHz, IWR RAM, bau iTilHn 
i«MHz, IMS BAH, b*H eyeiem 


CLONE 2H STANDARD FEATURES; 

• iMe fhj d wait siate pam 

a HtQh Pertormanca i t iniarieewe. 800 
Kb/MC 2 FtOppyTZ Hard cwjk Cpnirollar 
a 1 2H 5,25“ OP \ 44M a.S" Floppy Drtw# 
(Your CJiCHoe) 

• 161 Key Enhanced Keyboard. 

« I ParalleP. 1 Serial 1 .Joyaibck Port. 

• 200 Wan Power Supply 

• Math. CoprocesaorSoGAeE. 

• Od-boam Clock/Cai w/Battary Backup 

• a EKpanswi Skila 

• SalLip Ulitilv Pn ROM. 

• System fleset Switch on Fiwil Paiwl 

• CPU Speed SwitchaWa 

■ Fully Exparrdable id 4/EIAI& 

■ FCC ClrHilied 


Clone 386 20 MHe monochramB system pictured. 


* One Tear p*rla 5 Labor warf*my 

* Compieie SoRwAre PKkage indudmi] 
PC-WfllP - QMctdam - Ejipr»ftCalC 
AutQlMen.u - HoeneSaae - MoneyUaalai 
FIndax - Hard Di$k Cacba- C>ond 
Ulihliea 


CLONE VALUE CHART 


CLONE 2SC 

12" 

HONOGHflOHE 

EGA COLOR 

14" 

VGA COLOn 

12UHZ CPU, UMD 
40MS SEAGATE HD 

$1279 

j $1990 

$1913 

IftHHz CPU. 32MB 
40HS SEAOATE HD 

1479 

1S90 

2013 


Add S2D for 'Clkt^UTactne" lOt-krr Keyboard. 
Add E20 lor 14" Honochrorne Honllor. 


CLONE SBE 

14“ 

UONCCHRDME 

14" 

EGA COLOR 

14" 

VGA COLOR 

IflMHz CPU, 32UB 

4i)«46 SEAGAtE HD 

$1999 

$2393 

$2St9 

2«MHz CPU. 33K CACHE, 

32UR. 4gys Seagate h6 

2299 

2993 

2ST6 

aSKHz CPU. aZK CACHE, 
3aMB 4SMS SCAQATE h6 

2694 

2999 

3121 

33MHT CPU. 32* CaCH^ 
32UB 4flilS SCAQATE 

3240 

3634 

3757 


OPTIONS FOR CLONE 786/386 COMPUTERS; 

Add $27 tar 32Me. 20HS Seagala HD. Add lar 132HB, 2 BMS SeaQale HD. 
Actd $42 Idf 4iUB. 4dUS Sugala HD. Add $30 lo VCA prld* lor 
Add $8S Idf 4aHH. 2dHS $**9414 HD- 1$ Ml VDA Card. 
Add$14»rorSSHS,4dHSS«A9a««HD. Add $43 Id VDA prl» for 14 MulU^ 
Add$17$rDrS5HB,2BMSSaa9ateHD. froquaiuy HcinHf>r. 

Add i»}3lDr(BUB.2SHSSaB9Bt*HD, Add $12S krr S drive tewercaaa. 

OPTIONAL EQUIPMENT FOR CLONE COMPUTERS 

Slar MX-1000 Primer. 1 Ppa. LQ, 24 pin . 1349 

144/0Scp3. NiO.. $17ft Panasonic KX-Pl 1 $1 Printer 

Star NK-IOOO Rainboyr Printer. 240/4$ cps. NLO..2SS 

same as abova w/color.20$ Star XB-2410 Prinler 24DI/6Q cpa. 

Star NX 2400 Pfinler. super LQ 24 pin, 16 fonta ... 449 

170/57 eps. LO, 24 pin.339 Star X&-24T5 Prlnlor (safneaa 

Slar XH-1000 Printer. 300/7S cp^. above with wlda carriage} .... 599 
NLO, a loms. 3M 1 200/000 baud Int m«lem... 59 


nSFACTION GUARANTEED! 

jet a rock-solict one year guarantee on 
and labor, plus a 30 day money-back 
(action Assurance guarantee feKcept 
iftware ami ah^plrigj. 


SERVICE AFTER THE SALE! 

Your Clone equipmenlwiM be promptly and 
expertly serviced by our specially trained, 
knowledgeable technicians who know what 
they are doing. 


FAST DELIVERY! 

Clone Computers a re custom-manutactu red 
to their buyers' specitications, burned-in 
and shipped within one week of their order, 
In most instances. 


NO OHPHANEO CUSTOMERS 

e have been supplying our customers with high quality 
irb ware and software si nee 1080. WBenjoyanexoBlIent 
lustry-wide reputation built on providing top quality 
TPhandise, a no-risk guarantee, low price, axpoit 
rvice and fast delivery Our customers expeci and 
:eive no less 


Buy with C«iflfMiice( Our Ouarantee Removes 
All the nteh from Tour Buying i>*ciBfOfi( 

TUd Clans guBrantee is Simple and sErAlgblforwa rd. 
You havE 30 days after receipt or your Clone to se« it 
you ajHl il Hfe going to be Corrtpatible. It ydu are nol 
setislied with yoor Clone for any reason within lhai 
time, you may return II fora full refund, less shipping 
charges. 




TURBO CLONE 

*699 -- 


• flOBa @ < IT- 


Malntjoard. 

• tiOK BAM Mnndznl 

vsaa? sochei 

• 150-wall pawftf «ip 
P 3«K Floppy Dfb,! 

wlin Disk CDOtrollar 

* H#r^UlW» CgmjjW. 

ibl€ Vpdeo Card 

• HiBm TTL momtor 
rarpen tli' MntMf | 

* 2-#^rflKl*l prni prts. 

* bSirad pDii f2Ad 


aphcMiBi Bi jagj, 

• Ganw-JavBbc* purl 

■ ClDtk/CikmtlBr 
V Fulb Ejnwnhabh' 
ft PC-Writa. QModem 
EZprASCfiJC: - l4amB 


(r - FindtJS , Clone 

UtiriElQB - AuloMatiu 
ft FCG ClzM B. Cortil'. 

* Keyhoard Lock 

* t.eDs lof Power. 
Turbo and Hard 
Dlak AuwH. 

* 1 yr pwrls. iflU war 



SOFTWARE SALE! 

LOWEST PRICES — FAST DCilVEHV 
Thli iht If Hily a 1 111*11 portlBn 0 I our InmilDryt 

Cvil m for an Of your votiimiv n««id«t 


land Owmiro ^ 1 Cicnftl 

land Pelhii! 2.0. 

md SfHlnl’ Ward ProcaiBDr.. 

Ea>v Accniq lad Vftftian 3) , 

Easy Payroll... 

Eftftv Bonus Pacn linchJdfts 
ounting, eByroll. boih hitor^>. 
Easy Light . 


HV . 


wllhOENMSffi .. 

ilDol ... 

laworli in. 

Cm; CADD, 3 {mdudw 

PiGi end DMAConvefll.. 

1-2-3v»rBion i-Q . 


Syrnphony. 

roson MultipUn 
DBon Word 5.D.. 


DauhW Sonuft Bundle . 

FrttlChoic*. .... 

Fiffl PuWlsheir.. 


r*n 3.0 ... 

wriieir. 

(^decTSO.. .. 

■*r»r Proffttwonil Releaae S.S... 
IQ 8 LAHGUAdeS/UTIUTteS 

tkelch Ennancofl. 

and Tmbg BtaJi; . .. 

and TurtM C. 

Biid Turijg PaKil .. 

Turbo AasamUer/Deibuggef... 


Carbon Copy ^ Tnced fwn co|hb] .. 1114 

Qopy 11 PC . 25 

C^py 11 PC Opildn Board □aluHC . . Ill 

PaatbackFVuG. 113 

GiDminanli lit . 53 

MicrbftOll C COmprlar S-f. MU 

Microsoll Macro Assemtilar 5.1 13 

MiCrosOffi Quick Oompilftr <7 

MIcruflDh Ouiek C Cornpilet. 17 

Mldoftoh Windows 296 . C 7 

MlHOdDh Windows 3 B 1 ... . 137 

Morton Corfimandar. 53 

Norton Ultlilioa 4 .S Advftnoftd Edit . . U 

PC toolB, Dahl** 53 . 71 

Procornm PHh . . .. n 

SidoAan. 43 

X Trae l^oteaaional 71 

OITHER H 3 - 43 DS 

Alg« Biaftiw .... I 39 

Chaaa U&aier 2100 _ 32 

F -19 Staallh Fighter. 44 

Falcon AT .. U 

Kin^ Quest |l. II . Ill or IV;. 31 

Lfttaure Sun Larry II.. 30 

Math Blaiter Phn ... 21 

MaMla Beacon Teacha Typmg. 32 

R*wi*rRabtm. 24 

Wlme in U-S.A n Q San DfBQo?... 27 

BOOKS 

Take adi jnteya of Oar raliBiia dtecwnli 
and ftvirft 1 btmdlal Buy any 2 book! and 
awn an Bddllqnat IS dboDunl. Buy 4 and 
dadbd $ 4 . Buy l and d^luot is. tit. 
Uving 1 * 2 - 6 . Smcial SddiDn HI 

UBaae Ml Plu^ Handbook. IT 

ft^anaging Your Hard Olak . 19 

M^dQS LtsftT Gunf* .... IT 

RLHining MS-DDS.. 11 

Ufttna Autocad. 3 l 

Ueaig Managing Your Ugney .. 11 

U&^OlA ..... 1 ft 

Uaing Symphony. , ... Il 

Ltfling Wordpeffeoi 5 . 0 ....... . IS 



m ORDER TOLL FREE! W 

■ *“ MDn.-Fri. S-7: Smt. 10-3 

Call from anywhore In the lowftf 40 states and Hawaii. 

-800-527-0347 



snoD 


Re|. U.S. P4I. O^T. 


Save Your Data and Money, Too! Peripherals Sale! 



This is the fastest floppy 
interface tape drive around! 

eOMBTAPE DRIVES 


*279 


411MB Tapa $1t 
eOHB TffH 130 


Ejtfemal model now aiallable tor only $Sift ejilrat 


Works on PC. XT, AT's and 100<tfc 
compatibles. Connects to the inier^ 
nel fioppy (B;| connector or the 
optional adapter card {$77). Comes 
complete with installation instruc¬ 


tions and the data compression SoH- 
ware thal aJIows up io IDOMB data 
Storage on a40MB lape— 1 SQMBon 
a 60MB lape Easy to Install. Order 
now at this low price and save. 




Lifniled Time Only! Fanta^tio Prices Now On 

LOW COST HARD DRIVES 

For IBM and Tandy 

*239 


‘259 


*369 


*319 *419 

41L1*b tllMI 

•emST-liJR lODMlY-lTTn 

ALLBWf NLLATIini 


*579 *539 

«UHI 44.1HB 

2lA«lT.-tD14 yWnvlTT-mN 

kim Bv* ICBiKii 


*639 

T^TMP 
39«u Bt.4144R 
ALLSm 


W9b<rayid» rh* dhi iowcoie. ntgn guiliEy. fui 
Iccesft hard drives for your IBM. 100% com- 
pflllble ar Tandy Our XT and 3C6l 

till Art comptels wilfi Elriv*, cunlrdllDr. cabhis 
and insiBlIaEbcMi Inslruchona Wa usb urily (brand 
na* genuine Seaga}* e|Mv« »0 you om be 
Aftlured Of long Iruubte-fm drive Irfa Data 
trarisiBr netea aa rHstaa SOOKBper second MFM, 
aODKR RLL and TMR uiHig SC6l W« provide 


Boftware to park the heeds {same drives self- 
pen; Teruly IODO require! DMA end ROM 
1.61-^. Nol lor EX/HX. Please Epodily Ihe com¬ 
puter brand and model when ordeniw. 6T S66, 
4096 »nd 4144R If a luH SilftS'i". »nd ST 1571=1 tl 
AH Others zre hatf helghi 5 A". Sizes listed 
are after Igrmalling On* year parts and Isbdr 

WUtlnEy. Saiiftfacliunguarentei^oryuur mon- 
ey beck. less shipping. 



CompiBiel 


Save on 32MB & 49MB Hard Cards 

—^329 *"H29 

These units sre completely assembfed wr|h brand new 
drives and came ready to instafl. For IBM XT's, 100% 
compaiJbiee and Tandy 1000/1000A, SL, SX, TL. TX 
Phease specify ihe exact make and modei of your 
computer One year peris and leddr warren^ 

Cirtie 62 on Render Service Cara 



UN1NTERRUPTABLE 
POWER SUPPLY 


*279 


Z50 W*K Mbdel 

AtM 13ft itil|i|]lng In 

tet l«WBt 41 


250 Watt 

120 Votr 

$279 

300 wait 

120 Vo U 

399 

500 wall 

120 Volt 

499 

600 Wait 

120 Vort 

639 

1200 Wall 

120 Voll 

1099 

1600 Walt 

120 Volt 

1444' 


331 virit vnita nvIl^M. SpecUr ire’ll WDna^a. 


Prdtncli Againit 

• Srowhouts 

* Blackouls 

• Ovorvollagie 

* Overload 

* SpiUs/Surges 

• EMI 


Features 

* Two Audible Alarms. 

• LED Displays. 

• OptigniBl Nelwork Port 

* Transfer Tlrrrss As Fast 
Ab 1 Millisecond (De¬ 
pends On Model I 


Save on Low Cost Floppys! 

SelScI Ihe drive ar drives you weni, pick Ibe encloGur# and 
ftpprnpTiaie cable end we will assembte end iHl St nO 
Bddillorial cost Id you. AH diivaa ana brand new, PUt fecEdry 
tacondft. md carry a luii one year part and taburwarraniy 


Addi $5 shipping and bundling p*r drivt 

360K 5.25" TEAC &5B bare.$S9 

T20K 5 J!E“ TEAC &5F bare .... . 95 

1J2H 5.25“ TEAC 55FGfH ttere.. 71 

380K 3.5" TEAC 35B bare. . 59 

720K 3 5" TEAC 35F bare. 95 

1.44M 3 5" TEAC 35FGH bare . 71 

5 25'rn&uhlinig breckel for 3.5“ d nvra. ip 

Onciudes rtus, signsi and pdw«r adapi^r speciiy betge ot 
black rac^apiiia} 

OftiAl 3.5“ exlenul ca^ppwer aupply. Use with an* or 

Iwg. 3,5" drives [honrorHel), ,. ..$49 

CkiHl 5.25" same as above except vertical... 39 

IBM exteiTiil floppy cable for C7D. 0037 required. 39 

[Add $10 lor brushed Slainlaac Steer eevar; 


SERVING 

YOU 

SINCE 

1980 


CLONE COMPUTERS • 2544 W, Commerce SL • Box 223957 

ray. oi Anakog;^ Cofpr 

Dallas, Texas 75222-3957 • Telexr 582761 • Fax: ai4'634-63a3 

For professional technical assistance 
on Clone products, catl 214-638-8825, 












































































































^^Lircle 257 on Reader Service Card 

r 

NT's 

2C87 

and 

3C87 

Math 

Co-processors 

• 100% Intel 

Compatible 

• Twice the Speed 

of Intei 

• Lower Power 

for your ioptop 

• CMOS/NMOS 

Compatibie 

• Various Speeds 

• Visa, MC, AMEX 

accepted 

800 - 622 - 1722 
408 - 559-8544 

PSI 

2005 Hamilton Ave. #220 
San Jose, CA 95125 


DYNAMIC RAMS 

SCALL 
$10.10 
$10.75 
$ 3.25 
$ 3.35 

$ 3.95 


SIMM B(V100 
1 MBIT 100ns 
514256100ns 
41464 150ns 
41256 ISOns 
41256 150n9 
51258 lOOna 
^ 4164 ISOns 

* FMtiahxMad. ap. Piee. Snwi 


aoasT.sa 

a03ST<25 

BDi3a7'f« 

B03BTSX 

SOCaSTA 

BOaflT-IO 

e08T-1 
SOB7 2 


aamKt $560.00 
SSAtftt $450.00 
2fti«r *36000 
l&T** *305.00 

toon DO 
i^iPHt S2fi&IU 
iQfrtHi *209,00 
BmHt SIBB.OO 
l&nHi *160.00 
atnHi *126.00 


Si^oa 
t 1SJ0C 

* s.oa 
t SM 
$ <.75 
t 4M 
$ <39 

* 3.S1 


I.C. EXPRESS 



Circle 159 on Reader Service Card 



DC17€mn€3 002170 0021112 

flSZ3?OB?5St' RB23MJ09St R 3232 0025$/ 

R $422 050$ R$422DB9P ri$422D50F 

Anaheim AutomatiDin's expanded lined bidweciional data 
convertars change RS232 data streams into RS422 com- 
palitue dala—afKJ also make RS422data JooH like BS232 
signal levels. Tliesa modules make it possible tor RS232 
equipped ctevioes, such as lew PC's to iniedace with an 
RS422 equipped device. Among ihe many uses tor these 
converters IrKiludes ihe sibility to communicate with 
Anaheim Automation’s stop motor motion controls. Each 
unil includes a powm suppty Caif or wfilo tor tirochuw 
and/jmtess. 

Anaheim Automation 

SIO E Orangifair Lane. Anaheim, CA 92601 
( 714 ) 982-6990 * FAX ( 714 ) 992-0471 •Telex 29?5217 MCI 


Circle 23 on Reader Service Card 


SuperSound 



DLSCOVER the FOWKR of SOUND in 
YOUR IBM-PC/AT From $19.95! 


Best Digital Audin Snftware/Hardware 

SupirrSimnd - Eiipr $650, Slureo 5339, Mono $2.39 
30 Day .Munuy-BaL-k CuarnntcL' irnol Sulfi^ned 

* Mflldi SdurrlKK” , PyiiiMlIv {;il t / ComMiuHl FJHot fnr Fail Hair RkiN'iI. 

PLij IMI .qMcJHl UTmi m!"! M|*» BV ltq'li«rtl I i W^rJi Swpiilf'arf' 

* nadlljr. ild^uiLiMB !^Btp|i|i« Hvr { h»Dr.nlln|; Tliiii*. WJlt AjU tV^i 

* U Funcll^B ! |«| KITrHB . 94 IVgr MuhbuI h ! Aildlv TVlnrtil 

* ■* tlUkxllr SlKrier .liM hT “ - |J Sbhii^b S«)icndi 

4 Fnr llui|BBt»: fclttl^ciT-Saliff Shnwi ■ Worlii,i^lliOtniutm3uiif.r.„ 

* Frtt l^mihBrrlBqs: AM/FM Pill'ClKWl ttfltU Cfcuf \tilc« AlumB, Siting S«^W_ 

* Fhr FuniOwt* ¥ntir tJ%11 Mnd-rikc Jiiir.n|i&iiin4k AHer Ifcu# VWn- 

rerlk: <4ffitM4li-4S21 SillCOll ShUck FAX- [4flitj,J74,44l3 

51211 CaiiipiKiir Ave. #112, Siiii Jiisc, CA 95130- 

ph:I - 800 - 969 - 4411 visa - MastcK:ard 

HdHdFK. Ki.bil'Bri. nnri iiwiKlIMn few huIiiui4i V Hl||r» UltKt- IJi. 


FAX / Phone Switch II 


I-incJac:k 

IWt ihf inmittiitti nhimf’ 

inw- 


□ 



Power jack 

12 wii iu' jiimi 


Phoiwjack 

I’ur ynur phanr. tllX ur 

la.'v tlilrphnw Sy^lnn 



p-iji/Modem Jack 
1 fit yiiLir fd ^ nr 
inddfm 


* Connects your fax and phone to a 
single line 

* Works wfth all telephones, PBXs, Key 
Systems, Modems. Answering 
Machines or Fax Machines. 

* Fully AutomatiCt only $179 


To order or hear a demo, 
caEi: (415) 547-2902 

ESS 

1900 Powell Street, Suite 205 
Emeryville, CA 94608 


CfiT^e 292 on Reader Service Card 


Circle US on Reader Service Cmd 


8051/8052 

BASIC 

COMPILER! 

MCS BASICSZ^** compatible 
Runs on IBM-PC or compatible 

$ 295.00 

Call Now! 603469-3232 

'^Binary Technology, Inc. 

^ i pn. mn e? » iv^rlehan. NH O3770 



DSAXivafe: yOlmiuTedwiIsjiyi:^ feriiclT^-fiMD 

tIlAi4Ml: *F« 4(3513 

Jot liLTWTtdfeidiW *V«| 
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Circle 42 on Reader Service Card 


Circle 339 on Reader Service Card 
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PS/2 model 30/286 . 

...1895 

PS/2 model 50/30 meg. 

...2395 

PS/2 model 70/60 meg. 

...3695 

PS/2 model 80/40 meg. 

...4395 

PS/2 model 70/120 meg. 

...5595 

PS/2 model 80/115 meg. 

....Call 


Cali for other models 



Everex 


Step 286 • 12 & 16 MHz & 20 MHz 

1 Meg RAM 

Set up utility in ROM 

S/P. ao 

Enhanced keyboard 
1.2 MB floppy 
DOSmASIC 


Call! for 
your 
configuration 


coniPAO, 


386 S 40 meg. 

. .Call Call 

386 20E - 40 meg. 

.4195 

286E 40 meg. 

.Call 

386 110 meg/25 MHz. 

.7295 

386 60 meg/25 MHz. 

.5895 

Portable III 40 meg/12 MHz.. 

.3995 


CARD & MONITOR EXTRA 
Call for other models 


Macintosh 


Mac IICX/BO Meg. 40 Meg RAM.5095 

Mac-ll/40 Meg.4095 

Mac-SE 30/40 Meg.3595 

Call for 60 and 100 Meg 

Lazer NT.3495 

Lazer NTX.4795 


LEADER 

SINCE 1983 

LAP-TOP 

Compaq SLT 286-20/40 . 3795/Call 

Toshiba T1000 . 619 

T1200F . Toshiba .619 

T1200HB. Salel .Call 

T1600-20/40 Meg.Call 

T3100E-20/40 Meg.Call 

T320040 Meg/SX40.Call 

T5100-40/100.Call 

T5200-40/100 .Call 

Zenith 286-20/40 Meg.298S/Call 

Zenith 8088-20 Meg.Call 

Mitsubishi 286-20/40.2395/Call 


Everex 


Step 386-20 MHz & 16 MHz & 25 MHz & 33 
MHz 

Up to 256K cache of very high speed RAM 
2 Meg RAM. expandable to 16 Meg 
S/P, C/C 

Enhanced keyboard 
1.2 MB floppy 

DOS/BASIC Caii! 


I A:' 


STOCK 


Pacific Data (For HP) 

25-N-1 Cartridge.285 Pacific Page 

1 Meg. Memory Board 219 Plotter Cartridge 


459 

239 


psr 


AST 286 model 140X. 

..Call 

AST 286 model 70. 

.1249 

AST 386 model 300c. 

.2695 

AST 386 40 Meg. 

.3095 

CARD & MONITOR EXTRA 
CALL FOR OTHER MODELS 



CITIZEN 
OKIDATA 
EVEREX 
GOLD STAR 


TOSHIBA 

NEC 

WYSE 

HITACHI 


PRINCETON GRAPHICS 
SONY 
ACER 

HOUSTON INSTRUMENTS 


AMDEK 

HAYES 

SAMSUNG 

CALCOMP 


PC MOUSE 
MICROSOFT MICE 
LOGITECH 
MITSUBISHI 


IRWIN & ARCHIVE 
TAPE BACK 
TAXAN 
MAGNOVOX 


BOARDS 

Paradise VGA-i-.219 

Vega VRAM.409 

ATI VGA Wbnder.259 

Everex EGA.149 

Tatung 16 bit.239 

SOFTWARE SPECIALS 

dBase IV.455 

WordPerfect.229 

Aldus Pagemaker ... .495 
Ventura Publisher ... .495 

Clipper.435 

WbrdStar 5.5.219 

MONITORS 

Nec Multisync IIA ... .499 
Nec Multisync 3D ... .639 

Magnavox EGA .339 

Nec Multisync 5D .. .2350 

Samsung EGA.359 

Sony 1302 . 619 

FAX MACHINES 

Sharp FO 220 . 729 

Sharp UX 350 .1149 

Canon.Call 

Toshiba.Call 

Richo.Call 

Murata .Cali 



NO LL 

Authorized 

Dealer 


Intel 

Coprocessors 

8087-3.105 

8087-2. ..145 

80287-8.225 

80287-10.249 

80387-16.395 

80387-20.425 

80387-25.495 

80387-33.599 


PRINTERS 

EPSON 

LX-810/LQ-510 ...199/339 

LQ-850/1050.545/749 

FX-850/1050 . 359/479 

OKIDATA 

320/321 .359/490 

390/391 .490/649 

TOSHIBA 

321-SL/341-SL .. .399/595 

351-SX 350 CPS.929 

PANASONIC 

1524.529 

1124.319 

Call for others 


LASER PRINTERS 

HP Laser II.1695 

HP DeskJet! .695 

HP User 2P.1059 

Panasonic 4450.1395 

Brother HL-8-E .1895 

Nec LC 890 .3195 

Toshiba Laser.Call 


MODEMS 

Everex 1200 Int.79 

Everex 2400 Int.149 

Hayes 2400 B.299 

More in Stock.Call 


EXPORTS 

Available 


WE ACCEPT CASHIER CHECKS, MONEY ORDERS, VISA, MC, AmEx 

3% charge on VISA. MC & 5% on American Express 

COMPUTERLANE 


HOURS: 
M-S 9-6 


CORPORATE ACCOUNTS WELCOME 
CALL FOR VOLUME DISCOUNTS 
CONSULTANTS CALL FOR PRICING 


1 - 800 - 526-3482 (Outside CA) 

(818) 884-8644 On CA) 

(818) 884-8253 (FAX) 


22107 ROSCOE BLVD. 
CANOGA PARK 

W BLOCK W. OF TDPANGA 

CA 91304 


Prices subject to change without notice 


(^mpaq is a Registered Trademark of (k)mpaq 

IBM is a Registered Trademark of International Business Machines 


Circle 85 on Reader Service Card 
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ST225 

65ms 


ST238R 

65ms 


Hard Drive Kits 
for IBM PC/XT & Compatibles 

Each kit includes drive, cables, controller, 
How-To manual and mounting hardware. 


8225 68nis 
8438 68ms 
8450 46ms 


IMD Kit for [BM PC/XT & Compatibles 

30,000 hour Mean Time Between Failure 
46ms Access Time 

COMPLETE KIT includes a Iial^heighl3 1/2'^ 
Mini Scribe 8450 drive, controller, cables, How-To 
Manual, mounting hardware and partitioning 
& formaning software. Autolock! 


These Card Drives use quality MiniScribe 
drives. Card Drives are available for 
IBM PC/XT and most Tandy models. 


Why Buy a Card Drive? 

Quality. The highest in the computer industry! 
Reliability. Completely tested before shipping. 
Performance. Made with high performance hard 
drives and controllers for maximum throughput. 
Pence (if Mind. Covered by a One Year Warranty. 
Value. The most megabytes for your dollar! 


tlDITtlKS 
CHnit L 


Super Easy Installation!!! 


F At ;t OR V -TltAtn^ti 

:p:; 

J :; - 


ST296N 


HIGH SPEED 
THROUGHPUT!! 


liScribe 

340Mb 

With EISDI "I m r High 

PcrfcirmaTKC Hnrct/Flcippy Ccmimticr. 

16.Sms 

Access Time ^ 


M3085 


MFM ST25M 

28ms . .A 


SCSI hard drive wlih « hii U 4^ 

High S]Kied Ht>si Atbpinr for 

^ur AT/.^S6. Hard Only CtmlrailLV 

Hotwi up to 2 drives nfr - 

ON 1£ adaptor, Autopnrh | |„rd/Hoppy Coni roi ter $529 


Kits for IBM PC/XT & Compatibles 

Includes 65Mb ST277R I hunt drSvv, 

coni roll tf, cj4bles, iniiuntiiig hurdH ure $ /§ ^ 

und HiiW'Tn mnnujJ. 2Nnu. mA I 


160Mb 

IVI3180E 

Half Height 
With nSDI f^tyntmller 


RLL 

Sr277R-l 


ITms Access Time 


Bare 

Drive 


Kits for IBM AT/386 & Compatibles 

includes ull sLandurd kit items plus 

Mrd/noppy ” I to I'* high sjKed $ 

ctint roller and cables. ^ 


Happy 

Holidays! 


28iiis Access Time 




Never a Surcharge for Visa or MC! 


f All Products 1 
come with a 
30 Day 

"Worry-Free" 
Guarantee and 
Replacement 


In the LI.S. and Canada 


24 hr. Order Status: (800) 776-3472 


1912 West Fourth Streef 
Dept. BY 
Tempe, AZ S52N] 
l.otaJ Sales: (602) 967-5128 
FAX: (602)829-9193 


Anoiher 

Insight 

I Company 


Corporate 

Sales: («00) 729-3472 


© International 

Sales: (602> 967-7435 
FAX: (602)921-8312 


jS HARD DRIVES 

■1 hiU’niiiiioiuil 
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Add 
some FUN 
to your PC! 



EYE'GARD is a greai ravalty for yoor home or 
office? The EVE-GaRD vision sensor delects 
anyone simply walking up to /onr PC. Then It.,. 

... displays any PCX-fdrmat picture, 

- * < displays any rnessage YOU choose. 

., i plays music or sound eff^. 

.,. requests a password before letting anyone 
use your PC. 

EYE'GARD can even run other programs. It is 
perfect for safes or software demos! 

EVE-GARD runs orr ali IBM-compatible 
computers. Comes with EYE-GARD 
sensor, software, sound and picture ftles^ 
EYE-GARD is a flreat gift for you ,.. or anyone! 

,., who uses personal computers. 

K. nr-rr rv-. i foF Ch listmas! 

Only $19.95 

Dallas, TX 752H (pJus $3.5Q p/h^ 

(214) 82^^53 VISA/MasterCard AccapleC 


o 

FpMP«3’' 




15' SONY Hi^ Density 1.44 MB 

WB0jjES0F10^2a^0^^MjE&$28^ 

5.25’’DS/HD12 MB . iiicLsiKiHabiii.guci( 

Lois Oi 100 - 49t .LoiS of 50 - sat 

5.25'DS/DD360K,«cLs»«si,b. 

Lois of 1.000 — 21t .Lots of 200 — 250 

3.5" DS/DD 800KB BULK (1MB) 

Lois of 100 — 590 .Lots of 50 — 730 

3.5" DS/High Density 1.44MB (2MB) 

lots of 100 - $1.95 .Lots of 25 - 52.50 


800-288-8025 

12132 snemian m% N. HoJIywood GA 91605 

CALL OR MAIL mwmm 


Circh ISO on Pjeader Service Card 


Circle 20 an Reader Service Card 


DYNAMIC 

ELECTRONICS 


SIMMS 


JinS7,7 

11900 


18500 

80278-10 

212.00 

8(1387-20 

369,00 

80387-25 

473.00 1 

803e7SX 

299.00 1 

80C287A 

295,00 

4464-12 

5,25 1 

1 MEG-100 

_. 12.ftS 1 

1 MEG-80_13.75 | 



CALL: (714) 

855 - 0411 

FAX: (714) 855 - 8504 

23552 CQMaEUtCE CENTER DR, # L 
LAGUNA HILLS, CA- S2 653 


E/EPROM & MICRO 
PROGRAMMER 


$895 


■ EP-II40 includes: software, cobb, user^s 
manual, 2 free softwore update coupons, 
to[l-free technical su(™rt, one-year warran¬ 
ty & a unconditiona[ 30-doy money back 
guarantee 

■ Progroms 24-, 28-, 32-&4apin E/EPROMs 

■ Supports 874X & 875X series 

microcontfoiters 

■ Connects to a standard parqlJe! port 

■ 32-pin model, EP-II32, avoibble for 1695 

The Engineer's Programmer^ 


CALL TODAY 800-225-2102 


TlX>i"T_n_rLjn-j 
HJr MICROSYSTEMS 

10681 Hqddington, #190, Houston. TX 77043 
7 13/461 -9430 FAX 713/461-7413 



Circie lid on Reader Service Card 


Circie 51 an Reader Service Card 


ALL MEW !fl 
9 TRACK TAPE SUBSYSTEM 
for IBM PC/AT/3B6 

complete for only 

$2,595.00 

1 YEAR WARRANTY 



* Controller, cables anc^ software included 

• Interfaces for PS/2*, Xenix* and DEC* 


• SCSI*, AT or MCA* Bus I/O at 25/50/100 ips 

* optional 

AKSyslems Inc 

2D741 Manilla St. Chats worth CA 91311 

TEL 818/709-8100 FAX: 818/407-5839 


8051 SBC $99^1 

Single Board Computer 

FEATURES: 8031, RAM and ROM Sockets, 

8 bit I/O, RS 232 port, optionaJ UART, and 
Expansion Bus. Size: 3 5" x 6.0*. +5Vdc only. 
OPTIONS; 8032, CMCkS, 18 MHz, NV Memory, 
Monitor Firmware amd High Level Languages, 
Development Board.,..,..$199 


8031 ICE $199 

Our emulator provides most of the features of 
an 8031 In-CifCuS-Emulator at a significantly 
lower price. It assists in integration, debug and 
lest phases of development. Commands 
include: disassembly, trace, breakpoints, 
alter register/memory, and load Intel Hex file. 


8051 SimutatoT Program........... $99 

IBM FGpCT/AT Software simulation of 8051 pC. 

B HiTBch Equipment Corporation 

^ 8400 Activity Road 

11^ Bh San Oiego, CA 92126 

(619) 566-1892 





ll*EtTitiiitor llcdii Dwi' 






DDi%hi::5V HD.:?. 

6 K MPIISO. 

PER II 

BOX iHi::: Am 


peri::-- 

BOX" 


■3? DS;!l!jt 3S HDfci 

195™*' 

.s.iu*' 


n sj i=;, 9C*J«^ 

80X1fcWeox 


PER 
BOX '5 

o. - 



TONER 


«HP LaserJet a & 20 
«CANON a 
*HP LaserJet Plus &500+ 
eCANON LPB 
*APPLE LaserWriter 



Ricoh Toner Kit 80 * CALL” 

Ricoh OPC80,81°rl5fl ^39^ 


Qume Toner 

KYOCERA F1000A,F1010 
BROTHER LP 10 
UNISYS 37 


21 * 



Delaware 1-8O0451-1849 

pa BOX 10247, WlLhMNGTON, DE. 19850 

Oklahoma 1-800-654-4058 

RO. BOX 1674. BETHANY, OX. 73006 

Nevada 1-800-621-6221 

RO BOX 12396. LAS VEGAS, NV. 89112 


Minimum order |20^ ‘No Surcharge on Visa 
MasterCard" COD orders add S3™ Surface 
Ship ping UPS add $ 4 QO pg^ ^qq fo^ sVzor SVi'. 
add S4'^per lOO for Br US. Mail delivery add 
9S'. "Prices subject to change withoui Nohce" 



Circle IS an Reader Service Card 


Circie IS4 an Reader Service Card 
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Worlds Lowest Priced Ram Expansion 


CAnOMHZ 

BASE SYSTEM 

■ mi 640K) ■ 15Q Watt Rjwer 
Supply • AT Style Keytnard fi Case 
• 4.77 or 10 MHZ Keyboafll Selectahte 
• Rfippv ase Cofllrcllef 
- m7 Socket - aaOK Olive 
1 Vegr Warranty 


IBM ITT OTMPATtBLE 


* 34900 ^ 



MT 3(6 SYSTEM 

• 12" Amber iMoritot 
wilh Graphics Intgrtacp Cwl 

• 1.2 Meg Floppy Drive 
• 1 Meg dI Memory 

• Paraltel, Serial I Clock 
- 2QMH2 DTK MaMoafb 

Xpnbi. UttlH, Novel Compaiiile 


ZOMHZ 


$t 523 i'o 


CAT 286-10MHZ 

BASE SVjSTEM 

• 512K Exp. lo 1 MEG ■ 200 Watt Power 
Supply • AT Style Keyboard 
■ Western Digital Conborer ■ 1.2 Meg 
Floppy • Legal Bkre w/manuals • Systems 
DooumentaBon ■ 1 yi war. ■ CtocK/Cafc 
i lEMH? DTK MotbeiboanJ 

$04900 


IBM AT raJMPATlBLE i»WTDW SL 



840 K Upgrade , , 17^ 

12" Amber Monitof w/lnrtenlace. 139" 

DOS 4 Q1 w/GW BASIC , B9" 


B088 XT CompatlblR 


Clock Cflienclar , .. 
Parallel A Serial Ports 
Additional Dimes . 


Sw Behiw 


- SYSTEM 
OPTIONS 


J»6= 386 AT C ompalllite 


840 K Upgrade 
smupgradfl 
12" Amber Monitor wAnterface 




14" EGA MonHor wrinlertace. . 549" 

Nerveil NelworK. Call 12 Mhz add 109" 
14" ColQf MotiilOf wrinlerfacie .. 289" 


COPROCESSORS 

BOB? SMHz or less 88" 
0087-2 BMtte 129" 
8007-1 10MHz or less 1794* 
80227 B-SMttz 139" 
802074 l-lOMHz 199" 
80087-10 10MHz 239" 
8QC2&7'12 12 MHz I 791" 
80387-16 teMHz N 369" 
00307-20 20 MHz T 439" 
00387 25 25MHz E 549" 
90387 33 33MHz L 649" 
80387SK lOMHz aw" 


RAM CHIPS 


64 K 1 2" 2« 2" 3*5 

84 K 4 4^» 5" 51* 6rt 

268 X 1 3M 3i» 3" 4" 

t Meg )t t 11" n« 12" IS" 
266 X 4 12" 14" 1^ 17" 

84x4 VWeo 6" 7* B" II" 

IMsQVSdeo - Z4» - ^ 

SKxSStalk: 7** 9" 9" 11" 

NEC V-20 - SMHz 7" 

The above Memory Upgrades come n 
tup Pom Pfme if you rwetf 
Zip ■ Sof ^PLCC^ Pistil or if yop 


MODEMS BY 


EVEAE^ 


EV-623 EvsrCom 12 30(Y1200 bps iitcom Sofmare 69« 
EV-941 Evertkim 24 2400 eaiid Inrt. Bilcom Software 139" 
EV-645 External 2400 Baud ISS* 

EV-^ 2400 PS2.2£9» EJt^SSS FAX Card 349« 

MQfiE MODEMS... 

1200 Baud IntamaJ w/Softwane CPI 54" 

1200 Baud £?ctemail fully Hayes Compatible 99" 

2400 Baud Internal % card w/soflware CPI 99" 

2400 Baud Eiftemal Fully Hayes Dompatlhte, Zoom . IZfl" 


Imtec/cg 


MONITORS 


1Z56A 12" Amber wTTill & Swivel Base 89" 

1257 12" Airlbar Rat Screen 730 x 350 109" 

14S4 14" Color 540 jt 200, 16 colors Z39* 

1453 14"EGA640x 35C. 64cotoraT.31 36§" 

1455N EGA 730x480 Multism CmpatitHe 449" 


VIDEO CARDS BY^ 

EGA EVO. 640 X 350, Aulo Switch 
VGA Viewpoint 16 Bit 256 Exp 512k 

MORE VIDEO CARDS. 
MorioGraphics (Hercules Corr^atible] . 
CoiOf Graphics wtm Par Port, 


tVCREIH 

Itgn 

269M 

39“ 


MEMORY FOR ALL COMPUTERS 

IBM PS2 ^ 



Equiv. tBMPS2 

For 

Msadi 

bnedouiifi 

Parti 

Moddl f 

Low Prtee 

512K Upgrade 

SGf 5348 

30^86 

149" 

2MQ Upgradfl 

m 5360 

30/286 

4S9* 

1MB Module 

6450803 

70-161 A m 

739" 

2MB Module 

6450604 

7M61 A 121 

499" 

2MB Mem Board 

6450608 

70-A21 

W9" 

IMB Meir Bcaid 

6450Q75 

80-041 

419" 

2MB Mem Board 

64S0379 

00-111 A 311 

899" 


COMPAQ 



Equiv. Compaq 

Fflr 

Meads 

Desert pt^oi 

Pan # 

Model 1 

Law Price 

1MB Add-on Module 

113131-001 

386/2tV25/ZOa/286£ 

3S9" 

1MB Add-on Module 

113646-001 

DeSkpro 366S 

369" 

4MB Add-on Module 

113132-001 

3a6^a^5^20EffiBfiE 

891" 


4MB Add-on Module 112534^301 Oeskpro 300S 
1MB Memory Exp. Bd 113844^1 Deskpro 386^ 

1MB Memory Exp. Bd. 113833^1 Deskpra 3SSS 
4MB Memory Exp. Bd 113846d01 Deskpro 386720e 
4M6 Memory Exp. Bd 113634-001 Deskpic 306S 
1MB Mem .Upgrade iffl 107661-001 Portable 386 
1MB Memory Exp. Bd 117428-001 286E 

4MB Memoiy Exp. Bd 117429-001 286E 

1MB Upgrade Bd. 110235-001 SLT/28B w 

4MB Upgrade Bd 10e07tH)01 386/16 1» 

iBM A CmpaQ boards A iMotitites come ivWh 1 yejr ivar^awy awd 
are mmjtaciufBd ana Snd psny board 

SIMM MOOULES 

DfKrtpdun 150NS 128148 180N$ 

84 X 9 laM & Cotnpadbles 19» 29" 34» 

266 X a Far Apple Products 39" 44" 49" 

256 X 9 IBM 6 Compall]les 47" 48" 59" 

iMag X 0 far Apple Produds 109" 114" 119" 


1399" 


1391" 


98NS 

39" 

59" 


iMeg X 9 For 11 


1 Compatibles lit" 124" 129" 


129" 

139" 


HP LawJBl II A HD 
iMeg IN" 

2Meg 399" 


HBinorv Bowdt ^-4 
D-SMeg 109" 

0-3Meg PS2 249“ 

D-IOMeg 179" 

b-SMeg PS2 399- 


^Seagate HARD DRIVES 

ST12S 20Meg 40 Mil Ht 3’^" Drive crly 

STisa aOMee 40 MiMA Ht Drive only 

ST225 aOMeg w/coni. A Cables 

ST23f 30MeB w/conl & cables. 

STZ51 40Meg 'k HT 4 C Mil w/software. Drive only 
ST251-1 40Meg, 2S MIf Sec, Drive only . 

STZ77H 60MB 40 MiM/^? Ht 

ST4036 SOMeg 40 MU Fi4l Ht 

ST4053 40MB 28 Mil Full HI . 

ST40g6 SOMod Tull HT w/sultwafe 26 Mil Sec. 

TfiiW 

259" 

299" 

259" 

289“ 

349" 

359" 

449" 

3»« 

5t9« 

639" 

WESTERN DIGITAL CONTROLI 

WX-1 6 flit ’A Sized for XT. 

mm 16 Bit Full Sized Hardfl^ 

WD-27X B Bil RLL Size 

WAH 16 Bil Hard Drive Controller. 

RAZ 16 Bit RLL Hardeippy for AT 

MEAD Floppy Disk Contmller for XT 

LERS 

79" 

119" 

89" 

129" 

159" 

19" 

69" 

5 " 

MEAD 1.2 kfeg A 360K Conhoiler tor XT. 720K 1.44 
Cable Sal fur Hard Drive Only. 

Mitsumi FLOPPY DRIVES,^ 

3eOK HI. PC Compatible - Mitsumi . 69" 

1.2 Meg 5’4 Mitsumi. 69" 

720K " Drive w/5V< " mounting -- Mitsumi .. 89" 

1.44 Meg 3*A' Drive w^SV*" mouniing — Mitsumi . 109" 

3B0K Tandon TM100-2 Ful Ht (The Original IBM) 89" 

160K Tandon TMIOO-I FJI Ht . . S9« 

Extern^ Case wA^r Supp^ 2, ^ HTs or 1 Ful 149" 

.1 ..- H - V M n jW 11 ^ *'ir^ 

46MD Mini Cartridge, I.eMB/min, XT (DC 2000) 339" 

4I)M8 Mini Cartridge, 3.6MBAnin, AT pC 2000) 339" 

BOMB Streaming Cassette, bk/B/min w/coni {CTSOOO B*l" 
BOMB Streaming eOlA, 5MB/min w/Full ixirn ([KilB^ 849" 
125MB Streaming Cartridge, 5MB/min w/Fulf cont 1119" 
DCZOOO 24" Exlumil Add 195" DC600 24" 


MEAD has done if again! 

We Have Located The Following New Equipment Below Everybody's Cost! 


LETTER QUALITY PRINTER 

DAISYWHEEL PRINTER MANUFACTURED 
BYC.ITDH 

WAy m Sim (Or d C.ltoh 

STARWRITErF-10 

WTien Dur 40 cps letter quality daisywheel 
printer from the same manufacturer is oily 


$399L9 


- 6 ft. Serial Cable .6 19<«> 

' Bidirectional Tractor 149°® 

^ Cut Sheet feeder. 199™ 

^ Serial to Parallel Coiverter .99» 



• 14" Flat Screen ■ Paper White Phosphorus 
* TTL Monochrome & RGB Interface 

Ust $199 Mnd ^99^^ 10 lor $890 


HIGH SPEED SCANNER 

PRINCETON 


Type Machine 



GRAPHfc 


E^sktop LS3D0 Scanner 

List Price: 1095" Meads: 399" 


STANDARD FEATURES 


300 DPI - Allows for the creatjon of high resolutkn 
graphics/texi. 

AutOfnatlc Shftal Fsadar - Efficient document handling. 

ImaoB Input - Sheet or card (up to 5 sheets can be 

sel with the hulll-in Automatic Document I 
Feeder) ' 

Scanning Speed ^ 12 seconds/page [a! 30G dot/inch) PC PaJnt Software 
6 seconds/page (at 150 dot/lnch) OCR Software 
Grey Scale ■ 32 shades either pattern or 2 shades Macintosh Interlace 




49" 

199" 

49" 


SERIAL MOUSE 

• DexxaMouse by Logitech 

• 2 Button Opto-MechanicaJ 

• 200 DPI 

■ Pacemakflr. Driver & Menu Soltware 
• PS, XT, AT PS;/12 Compatible 

List: 99« Mead: 49" 


List: 


SIDEKICK PLUS 

• By Borland Version l.D 
' Prafesslonaf Desktop Manager 
19" Mead: 79" 10 for &9" ea. 


PARADISE MONO EGA CARD 

Aulo Swilch Monochrome EGA Card, fi4t>K35Q 
EGA, MDA, CCA, Here. Lisl 319" Mead 99*' 


MOKOCHHOME TEXT OKLV CARD 

* IBM Compatible 
• 1 Year Warrenly New in Bo* 

Ust 89" Mead: 14" 100 for 9" aa. 


MICROSOFT MACH 20 MEMORY CARD 
• Works wilh Mach 20 Only 
• Memory Plus OK or Memory 
■ OEM Packed Mo Box or Manual 
Ust 399" Mead; 49" 100 for 29" ea. 


WORDSTAR PROFESSIONAL 5.0 

• Write Of Edit Texi Based Business Reports 
as Docurnents 

* Advanced Page Preview To Save Time 
• Organize Formal & Merge Info From 
Other Software 

Ust 4854' Mead: 149" 10 for I29» el. 


800 - 654-7762 

SALES: T i.m.-e p.m. PST 

702-2G4-0204 

THiHIfiCAL ; CUSTOMER SERVICE I ORDER STATUS: 

0 I.III.-4 ^.tn PST 

FAX 702-294-1168 

IT* sitgumwe MH Oak ww—n w a. it. fuet* m Omi* 
II Pifnduelg sa Dry Wifrily anlw* ttoW oWMnitiit. 


Wf ALSO PURCHASE 
EXCESS WWHVTOTfV^ 
FAX LIST 



• Quarflily Pridrtg Amaable — CALL 
T liW Accept IntimiElpnai Ordm 
‘ Pitrehaa* Orttera Iran UnWersiees, 
GowEiHuenl ifHtitwtiOfts, ftiirjiuM IMM 
and OualiliMl Firms. 


1000 NbtoJr Hwfv. * Unit 161 * Boulder City. MV S9D05 


HD SURCHARGE FOB MC7VISA 
TERMS: 

MC » VISA * DOD * CASH 
fmclna 8r<(it Iwn 8a4iille4 Rmw 
CfaKlii - A£ add 44^ • COO add $G,M 
Fm aa U aa-OiteettY a Bduiii w tthilr 15 (ten 

S H 

'i: (nm6»l UPS _ 
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Circle 198 on Reader Service Card 
























































Circle 57 on Header Service 



Circle M7 on Reader Service Card 


Q 

Modular 
I/O board 


Single-slot Qua Tech PXB-721 
for PC-AT has 72 digital 1/0 
lines* Connect three choices of 
data acquisition modules* 
Supports Labtech Notebook™ 
For order info, call: 

1 - 800-5534170 

QUA TECH, INC 
470 E Ejtthange Screei: 

Akron, DH 44304 

Lablech hfolebotik is a trademark 
of Laboratories Technologies Carp. 


Circle J72 on Reader Service Card 


EZ-ROUTE VERSION II 



SCHEMATIC TO PCLAVOUT S500 


INCLUDES AUTO ROUTER 


EZ-ROUTE Version U trom AMS foj IBM PC. PS/2 and 
paTibles is an intograiOEt CAE System whictr supparts 256 
layers. Eraoe width tram Inch la 0.25t5 inch, llexlbts 
grid. SMQ componenis and outpuls on Penplolters as well 
as photo plotters and printers. 

Schematic Capture StOO. PCB tayoul I25C. Auto Rouler S2SD. 

FREE EVALUATION PACKA6E 
30 DAYS MONEY BACK GUARANTEE 

1 -000-972 3733 or |3Q5| 975-9513 

ADVANCED MICROCOMPUTER SYSTEMS, INC, 

1321 N.W. 65 Place - Ft. Lauderdale, FL 33309 


Circle 22 on Reader Service Card 


MiackTape 

ForYbur 

IBM PC/)cr/Aryps- 2 " 

Read 1600 bpi 9-track 
tapes from a micro, mini or 
mainframe in EBCDIC or 
ASCII as mirror image or 
by individual files. 

Use the 2000 PC^“for 
disk backup, data inter¬ 
change or archival storage* 

F^/XT/AT/PS'2 ara trademarks of IBM. 
3000 PC is a trademark of Digi-Oala. 

OIGI-DATA CORTORATION 
6580 Dorsey Run Road 
Jessuo. MD 20794-9990 
{30lH9S-OaOO 
FAX (301J 496-0771 
... Fir«E In UfeluE 


Circle 109 on Reader Service Card 


2 parallel, 

2 serial, 1 board 


Qua Tech DSDP-402 for PC-AT 
has two parallel ports, and two 
serial ports for any combination 
of RS-232, 422, and 485 com¬ 
munication* All ports address 
selectable* Interrupts sharable 
and selectable. 

For order info, call: 

1 - 800-5534170 



QUA TECH. INC 

47R E. Ekt^ange Street 
Akron. OH 44304 


Circle 273 on Reader Service Card 


EPROM PROGRAMMER 
CROSS ASSEMBLERS 


MODEL 

SX151 

RSZ3ZC OR STAND AUONE (all rnodela), 
Cammuriit^tiori prtptocol; XMODEM. HEX. 
and BIN. Rnt/grams: EEPfiOMS, 2716 - 27512 
and CMOS. Pm^ranrts (wfadapterj; 25XX, 
2n01 (and abovej, 63701, 6SFDS, 63764/6^ 
mV2, 8744, mv^ STSA 97252. 070751, 
B70752 and CMOS. Mora available soon. 
Model SX15t $214 (assembled with caaej 
Other models are available horn $49 (kil). 

Cro$e e^mbferB by Paeudocorp for IBM- 
PC$, SaO. Z80,1802, 6602. 6600/1/^5/679^1, 
raOOCWIO, 6046/9. 6051/2, 8060/5. 6096, and 
mare soon. Simulators and disassemblers 
also available 

KORE, Inc. 

■■"1 3150 Plainfield N.E. 
[ illBPti l Grand Rapids, Ml 49505 
(616)361-3666 

$5 lor shhppting (USA), plus $3.QD COD. 


Circle ISO on Reader Service Card 





rPCTASEDTJNlVEKSSE | 

DEVICE PROGRAMMER $595-845 

* lVT]pHiiKE£/EraOHi,PAL^GAU,l7L«.EFLD3, HlCKOi, BEPOLAJtft. 

• Softmre artfn pda drfwi. D^Afntnlcd pcogranmiiii^vDlE^a. 

• UfipadHUe fior Ttrlully may (blu» pnpuHaMe up td 41 plu. 

a Sd/-«ibEixt>u[t operedao. No oddibcnu] iiwdutes or phrg-in ud^len required. 

• Indtideiiuer&icndly MEMOHY KLTFTEH FULL SCREEN EOTTOR. 

• Friemfly Mewi-Dr1t¥«i iiiurf^, Device f±l«ediafl \ff YfH and Bunbelimr. 

* Support! Imdlifenl IA n. Qukk IHilse prO^grii^Alrng. 

« f^ctkMiJ (HtlaL Re£ister-Rrek»il, FUSfMAP EDITOR ior Lo^c devices. 

• File fonmuj Knpt«dt Euld Ha H/IATeklnulx nex* Malmla S, JEDEC* 

* CbslEUief AipfMrl via vnee Une. 4edlfuta4 BBS dr tax. Fiill 1 jMr 

* Base pdEX OKluEkE InlertAcc lard* cubic; Memrj device dimy and 1 year 

rrMupdtia. AddltkHal Devte* UhruriH (Ld|t«, MJctm, e*. 

* UbrurieE updates available eueiy 6 edd. and cbji be reedved va floppy or DBS. 


PC BASED g-SOCKEn- 
GANG PROGRAMMER 


$595 


• Handles liD aHBior? davicci la 12 pini- (LTgiwicalilc up to I ategabil parts). 

• FULL SCREEN BLlfUR EDITOR plui All i^liot^ f^aiitrej ihcrve 

• Qisltnnier oiF^rt via voice line, deduated BBS or fax PuU 1 )nur ^rraaty. 

• Induds PC tnurfAw and, Mttwoty device library and 1 year bmt opdaEn. 



UNIVERSAL RS-232 
PROGRAMMER 


'-59^ 


$345' 


« Pn^raoH E^EI*rflu, flaskEfnau. ZTRaias* [atcl Mlcm, Maaecy Cacd^ 
a Staad-AlflM Mode for EE/EPmm and (4flit(Xy Ciud DupUtaiJem 1 Vefiiiy. 
a All 2AOlSfii piii EEdUVnai to 4 MBib (upgradeable to 12 aii ^bk i). 

* MlnQEfi74 l/A*-2/A,-i.^-9.-SJ,-C51,-C5 lFA/e,-S2,-53.-55,-C3Zl,^C541,97fi 1. 

* Mv ui j C4nlcScikiy^HQii.Fu)ltia ClaUpated Adapln: Indade^ 

* Modular dB$l|ji;Firniwxr« autly iipf^iideable^ 4 sodtei Ovtg module avsilsble 

* Oa.Sevrd PriignianilBg CHpablll^ CtuEoni interface moduks availabEe. 

* User fiicadly Mcaa-Drivn ]iil«fae« Pepfrain for [BM*PC aniiMadalfiiE 

* be operated vdtlt ttty eompuief CDiiiaiciiiag ait RS-732 lartal p<uiL 

a pplianal hiilt-b] ^raHe/n»r EDorkile {$50)(rQp cover madacttvi Iban pad. 

* OEM DftCQ board prograininer eoDftgur^om avaJliible (ftora $345). 

« CUlwnw Bjfijion vttvg4ce JiHe.4 eH i iaM BRSor Ein; FIdl i ynrvtamu^. 



™ti 

K1 

3 

G1 

EffTj 


RON 

I ] 

E2 

ill 

ULATC 

)R $395 


a Ernulattt 1714 tlirou|)i 17511 EPmms (2k to 64k bytm) wilb ■ mpgle uoiL 
a tbouecSE ID ibc siaiidaid ptraUel pninef port. Usct Standard pnnfar cable, 
a IcleiLigcDl featurei iuludcL Resat Oilpil, Addraii Conpan^ A4dr«R Suan- 
■bat. Trigger lapirt* MtiMay edldag eapiMkky. Selecuibk wordstzcL 
a User friendly software. Cdnunaiid let (Ddo^- Inad, Write, DUlMay. Rmif 
Tyrt, EdiU FIR Rna-Ciiuand.Fill, Maaltnr, Pbrl, fUail, f[4|^ Cakotalar. 
a Fast data loading via pwatlel prtnnjcr pon (SSk bytti in lea than 10 seconds), 
a Chscadable ap la S BallsJndu^ EoUcr^cc cable with Tti^r and Reaei clips, 
a CMOS aMdd witk NiCad ndkargnU* fV baUvr toefcap . $493^ 
6dlE.in battery rectiaiglhg dTieuIliy, After code downloading ftom ibe Ihhe 
computer. Ihii model eao be discotaicCIed and used In iland^lint modb 
a File tormals aoeepred: Binary, lalidHai, MoefmlaS* 


MC / VISA / AMEX Cab today Tor ditashettsl 



B&C MICROSYSTEMS INC 


355 WEST OUVE AVIL SUNNWALE, CA 940*6 
TELi (4W) 730*5311 FAX; (40*) T» 5511 
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SiftiEBicgasii 

EGRESS 


Mon-Frl 7am - Spm 
Sat Sam - 2pm 


\3nitex, Inc Established 1976 

_Corporate Headquarters 

2852 F Walnut - Justin, CA 92680 4025 S. Industrial Blvd. - Las Vegas, NV 

Phone: 714/730-5232 • FAX#: 714/838-8593 California Residents call toll free :1 ■800-843-8414 


VISA 


Customer Service #: 714/730-9527 




I TOLL FREE OUTSIDE CA: 1/800/533-0055 | 


1 MG Xft-lwWM TYPES 

1 MG X MOONS. 
1MGX9- eONS...t12S 
1MGX9- 70NS...S149 


D’RAM 


268X9-for IBM TYPES 

256X9-120NS ... 

..,tM 

256X9 100NS ... 

,,..145 

256X9- 8DNS ... 

,.«.lss 

256X9- 60NS 

,...$65 



1MGXM20NS$10.S0 
1 MG X MOONS $11.00 
IMGXI- B0NS$11.7S 
1 MGX1- TONS $18.75 


APPLE SIMM r^ODUlES 


1MGXe-100WS...|l40 


2&6X 8-1 SONS ._|W 
gS€X8-l00N$ . .W 



2SeXMS0NS..„f2.g& 
256X1-12DNS....IS.2S 
zse XI-ICONS _$3.7S 

Z5SX1- flONS . H.7S 

Z56Xt- 70flS....|«.00 
256X1- 6QNS|«.ai 


25eX4<120NS.tn,Ht 
256X4-100NS ..lU.QO 
256X4^ SONS..118-00 


PS-2 PRODUCT 


256K9(PQfl PS2) 


2S6X9-120NS.$6S 

30 FS 34 a(Kn’- 2 EA.)$ia 0 



SIMM 


4164-1 SONS ..... 
41S4-120NS ..... 
4164-100NS ..... 


$ 1.20 

.$1.M 

.$ 2.20 


MODEL 30ZS6 


1 mg 319-100 |23fi 

30f5360(KIT-2EA.)$3fi0 


PS^2 

SIMM 


G4SW«3(1MG) ....1249 
E4S0604(2MG)....t54a 


PS -2 

MODiL 70 & 8 D 

smm 


1 MGX9-100NS..$210 
1 MG X 9-SONS ....$240 
2MGX9«)NS....$40G 
(E4S060B) (For 70A21) 
2MGX9-80NS....$540 
(6450604) 

(For70E61/70-12Vail 

tnoOels) 

1 MGX9-80NS ....$240 
(6450603) 
(For70E61/rO-121) 
1mO(G45037$) ...$420 
2ino(«4Sa370) ...$920 



4464-1 SONS ..... 
4464-120NS ..... 
4464-100NS .... 
4464- SONS ..... 


.$4.00 

$4.60 

.$6.00 

.$e.» 


2Se X 4 STATIC COL 


S14258-100NS ......*26 


256 XI STATIC COl 


51258-lOONS . M.50 

51258- SONS .. 18.00 

51258 - 70NS,..,..18.50 


1 MATH CO-PRO 1 

aoa7-3{5MHZJ... 

.$M 

80a7-2{8MHZj 

...1111 

0007-1 .... 

.im 

80287-6.. 

..$120 

30287-8 ... 

..I1B6 

30287-10 .. 

...szis 

800287-12 .. 


80387-16.. 

...$310 

80387-20.. 

...$360 

80387-25. 

...$460 

80387-33. 

.„$590 

ADVANCED MATH^ 

CO PRODUCTS 

rptilr than standard I 

MATH co processors 

"5 year Warranty 


lot 266 Machluit 

2Ci7-ltJ _ 

.. $239 

2C87-12.5 . 

$300 

2Ca7-20 .. 

..$329 

lor 366 Michinu 

3Ci7-16 ... 

.„|329 

3C87-ar. .. 

...$330 

3C87-2S, . 

...$400 

3Cafi-33 .. 

...S630 


CPU CHIPS 

8088 . 

.$5.00 

80286-8 .. 

....$40 

80286-10 

,...$50 

80286-12 _ 

....IM 

80386-16 .. 

..I1M 

80386-20 .. 

.1240 

80386-25 .. 

.$330 

V-20 (8MHZ)...,. 

.f7.M 


ZENITH366MODULES ■ VIDEO RAM 
FOR VGA CARDS 


MATH-CO^ 

V 


|1 MG X 9-80 NS ■■■■$2401 


AST386PJfODUL£S 


386/25 . _..|296 

386/33 .. 1320 


64 3t4(150NS) . IS 

64X4{120NS)..,._i7 
64X4n00NS).. _ $10 


Warranty- 
1 year on parts 


HEWLETT-PACKARD 
LASERJET MODULES 


iy8(forLasef]e[ll&IID) ... .....iMi 

2 UB (lor Lessfjet II £ IIDJ . 1378 

4 yg (lor Laserjet (I £ riDJ .... 1588 


b D-RAM TESTERS 

UNI-001 RT,. . . . 

Ts&ls all parameters but speed 

64X1 / TSm /1MX1 

64X4 / 256/4 /4MXI 

. $99 

UNI-002 RT ...... . ., 

Tests speed pfis paramfOters 

64X1 / 256X1 / 1MGX1 

. $149.95 

UNI-003 RT. 

Tests Standard SIMM Moduhe 

1 Year Warranty 

$199.95 


IBM 


1497259 ■ for PS-2 MOO SOTO _... 

. $439 

with OK Expand* to 8MB 

Utes2S6K SIMMS (ISM only) 
6450605 ■ For PS-2M0O KWIO -- 

...$1299 

with 2 MG Expands Id B MB 

Uses 2MG SIMMS (IBM nnly) 
6450203 - For AT - Has 512K RAM .. 

. $129 


TERMS AND CONDITIONS 


No Surcharge for MC/VISA * Temie: MC* VISA-COD •CASH •AMEX add4% 
PtjrdBSB OrdBfS from quallied fmire • 20% reslDcking tee on nort-delectlwe returns 
Priogg Suh|ed to Change 


BOCA RESEARCH 


TO PH AT II- TophAT II has 129 soldenKl on the board 
which results Jn a tower prollle. Malntairti the ability to 
bacWill conwertfonal memory from 512 to 620K in a 16- 
bit AT ^pe machine. Operates at CPU speeds 

BoCARAM/AT PLUS ■ Otiers conventional, 
expanded and/or extended momory for the IBM AT and 
16 bit cofnpabtibles. Operates in a syslem up lo 33MH7 
and k eel up through eoftvvare, wlUi the conligtiration 
EtQridtnEEPROM.Usesl20NS1 Meg RAM chips. Avail¬ 
able In lour cxintlgurallons. QK up to B Meg 49 

BOCARAM/AT I/O PLUS-OftereconventionaL 
expanded and/Of extended memory as well as ether I/O 
capabilities for ATa and compatibles. Provides up to 4 
Meg of memory using 120N51 Meg FLAM chips, Ijsrallel 
port and uplo 2 serial ports per board . 


ORCHID 


RAMQUESTIIZ -Upto 2MBd Owaletate memory lor 
the IBM PS/2 ModebED. 502 £ ^•Guaranteed EMS 4.0 
andOS^Coinpalibla-Ewiy4^teystiohel[«taJia(l)tin. Uses 

IMG Dip's ..... 

R AM QU EST EXTRA -The only mufcilunctbn card 
i hal provktes up tn8MB and two serial ports on one board 
forlhelBMPS/2 Models 5O.GDanda0.«GiAranti!edEMS 
4.0 and OS/2 Compattble. * Easy to install with only 4 Itey 
Sitrokea. Uses 256 am^onMQ SIMM £...^.....,$249 

RAMQUEST EXTRA 16/32-The only i^smb, 
0 wall state card lor PS/2 Models SO. 502,60.70 and 80 
which fiJiy supporlE both 16-hrt anti 32-bit memory ac- 
cesG. Includes one serial and one parallel port plus a free 
serial cab le.Guaranteed EUS 4.0 a nd 0^ aimpatlbre.Easy 
A-keysIfoIre mstalaHon. Usee 256 and/or 1MB SIMM'S 
...... $319 

RAMQUEST XT/AT -A full size. 0-8 mb. zero wait 
stale card for IBM PC. XT, AT. PS/2 25.30 and rampal- 
ables. Uses 25eK and/or 1MB SIMM'S. AutonmlicaJIv 
lupporls either 8 or iS-bH bus. ,^....., $269 

RAMQUEST XT/AT with I/O Same as above 
plus 1-serial and l-paralel port . .. $319 


COMPAQ MEMORY 


ADD-ON MODULES 


MODEL 

IMG 

4 MG 

. 386/20 

699 

$799 

386 / 2 S 

$299 

$799 

mm^ 

$299 

$799 

3 A 8 /S 

$299 

$799 

206 E 

$299 

$799 


1 MEMORY EXPANSION BOARDS 

MODEL 

IMG 

4 MG 

3 B 8 / 2 DE 


11349 

386 S 

$479 

$1349 

mm 

.. 

11429 

286 E 

$479 

$1329 

SLT^aa 

$479 

-- 

PORTABLE 386 

— 

11429 
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Circle 58 on Reader Sendee Card 


PC/XT/AT BUS 
DATA 
ACQUISITION 


Free 

Catalog! 


A01000 12-Bit A/0, 010. Counters $295 

AOA300 8-Bit /VO, D/A. DIO $239 

0624 96 8255-based OtO $95 $239 

TC24 Am9513 Counter. DIO $189 

DA600 2/4 Channel 12-Bit 0/A $179/$239 

All cards made in USAI 


We otter a wide range ot A/0. D^A. DIO. counters 
prototype, extender cards, interfacing books & access¬ 
ories 30 day NO RISK return and 1 year warranty on all 
cards 

Real Time Devices. Inc. 





531 B Marytyn Aumnum 
P.O Box 906 

Stale Cottage. PA 16804 USA 

8141234-8087 


WELCOME TO THE 16 BIT WORLD 

Turn your Turtle into a Rabbit 
for only 

$189.00 0KB INSTALLED 
You do not need to buy a new computer!!! 
Trade in your slow XT mainboard for a new 
AT 80286, which includes: 

• Microprocessor Intel 80286 CPU. socket for 
80287. 

• 12 MH 2 speed, selectable between 6 and 12 
MHz. 

• on Wait state, clock calendar, reset button. 

• 512KB. 1MB. 2MB. 4MB mem. Uporade, 
640/384 mapping. 

• Six 16-bit slots & two 8-bit slots, 16 level IRQ. 

• Fits in the XT and AT cases. 

with 512 KB. 

$245^ 
with 1024 KB. 
$299.00 

i lCROCHIP 

TECHNOLOGY 

2900 N.W. 72 /We.. Miami, FL 33122 
(305) 592-5739 • FAX (305) 592-5738 



Circle 28 J on Reader Service Card 


Circle 204 on Reader Service Card 


TurboFlow $69 


Flowchart drawin}* for IBM PC/XT/AT/PS2 



• Pt>p-up icon menu% 

• Vuriahle size symbols 

• Paper size to 34“ x 44]^ 

I Icrcules mono, CGA, EGA 

• HP-GU DM/PU SweetP Plotters 

• Automatic PANning to scan drawing quickly 
IBM/EPSON. NEC. OKIIMTA, HP LaserJet 

Uaytron Electronics Inc. 

610 S. Sherman #104, Richardson. Tx 75081 
Add i&h ($4 USA, SI5 riMcign), Tcxa« residenO odd sal« lux 
fur Icchniod inrormalMMi call 2t4-A69-2l37 

Order Today! 1-800-882-5822 

_ -Money-back guarantee _ 


LOWLOWLOW 


IjsM caamu 4 Mi* AceR 
=SVEREX- AST & other 

XT/AT Compatibles & 386 Computers 
CALL for LOW PRICES 

Gov't, Corporate, Schools, Dealers, 

& Export INQUIRIES WELCOME. 


5URHH inc. 


1 44862 Osgood Road. FREMONT. CA 94539 

PH: (416) 651-5101 FAX: (415) 651-5241 
1-800-543-1001 

VISA, Master Card accepted, w/sc 


m 

m 


Laseijet Printer 
Series II 
Scarget Scanner (tlQCC 
-f- interface kit ^^000 


$1650 


Circle 102 on Reader Service Card 


Circle 306 on Reader Service Card 


PAL™/PLD SOFTWARE 

Sets The Standard 



CUPL“PLD compiler, the most powerful 
language for state machine logic design, now 
allows OrCAD" schematic software as the front 
end design entry. CUPL supports all PLDs and 
carries the most extensive update program. 
Available on MS-DOS", Apollo". Sun"*. VAX’" 
and most UNIX" based platforms. 

1201 N.W. 65th Place 

. ■ R- Lauderdale, FL 33309 

FAX: (305) 974 8531 

_ 1-800-331-7766 


Circle 184 on Reader Service Card 

a w . todfx 


UNIVERSAL/GANG 

PROGRAMMER 

made in USA. 


$695.00 
includes 
One Year 
Update 
and 

Warranty 



HUSKY “programs EE/EPROMS, CMOS PLDS. 
and Micros. It's your best bet when low cost 
and quality are both important 
From the people who make CUPL and ALLPRO. 


LOGICAL 


1201 N.W. 6501 Place 
FL Lauderdale. FL 33309 
ROC (305) 974 8531 


1-800-331-7766 


Circle 186 on Reader Service Card 

mVAl 1H7\ 



LOW COST 
INTERFACE 
CARDS FOR 
PC/XT/AT 


RS-485/422 Card [PC4851 $95/12Si 

• Strtel Aiyc. C i — ink»U«wi Bp to Mietl; 2 of 4 wires; NS16450 UART; 

• CkBbtcaiifi«und«COMI-COM4: Maxiinum Bwd Rue 56KS. 

• Fleiibie conflfuntlofl optiom. RTS or DTR control of tranunttston direction. 

• PiriVHair daplee optnOmm. Snpportt hardwue huKkhdkmg (RTS.CTS). 

• I>ial drnrcrVreoeivcn;Huidl« M 4«vieM;Coinpauble with mou corain. iftwr. 

• Highspeed vcrrionafvaflableCfuppoiu baud rues up loZMKB ) • SlhS 


Dual-Port RS-48S/422IPCL743] $175 


• TWo ind cpeB dcBtc hu iii cb /UARTt;2or4s»ire opertioo. Mas. Baud S6KB. 
a Dipswiicfa ooofliurable « COMM (IR02-7). On board tenninator resistor. 


IEEE-488 Card [PC48aA] $14Sl 

a Includes INSTALLABLE DOS DEVICE DRIVERS and support for BASIC 
a AddilioiialSM^ for ASSEMBLY. C. Pascal usd FORTRAN - SSL 
a tRQ(M). DMA doimel 1 or 2. Up to 4 boards per oonmter. 
a Cdnimtjbk with most IEtR-411 Software packaM for fflM-PC (e-g. ASYS- 
TANT-GPf B. LoHu Measm). Compatible will's GPlB-PaiA. 



a Software Support for BASICA. QuickBASIC and GWBASIC. 
a Additfonal libraries for C. PatcaL FDBTBAN. Asseaibly available • $50 (aU) 
Full range of Talker, Listener. Controiler. Scrial/Pirallel Poll, SRQ, etc., 
a PoieefliiJ menu-driven BUS ANALYZES can be run in the background while 
488 programs or commands are executed; Features Program Stcpplag Break 
paiats. Real Time Bus DaU Captare (4K buffer^ InstaM Scroca Toalii«. 
a CoavleteCaUraliar/Talker/Uataasr capability. BuedooTTs TMS-9914. 
a Memory-residem Printar Perl E a i aladow UtUlly i ncl uded. (LPn-3). 
a NEC-niO based card (compatible with NTs GPIB-PCn) - S44S. 


DIGITAL I/O Card rPCL7201 $175 

a Inpao 32 TTL compatible channels; Imt load is (UnsAua4V. 
a Oatpnt: 32 TTL compuibk cfaannels;.Sinks 24inA(0iSV); Sources L5niA(Z0V) 
• Couator/Tfaner; DC to 2.6MHz; 3 charaxis; 16 bit counters; 6 counting modes, 
a Breadboard area for prototyping Dipewltcb I/O port seicctlaa (2M-3F8 bcs). 


LOW COST 
DATA 

AQUISmON 
& CONTROL 
CARDS 
FOR PC/XT/A’ 



12 BIT A/D & D/A [PCLTlls] $295 j 


a A/D eoavarlart 8 singie-endedcbaiuilcis; Device: AOS74;Cofivenioo tune 
leu than 2S«aec: Input range: eSV; Software Triager Modeoi^. 
a DfAcaavartan I channel; 12bil retohitiaii;0 to SV/IOV Output Range, 
a Digital I/O: 16 Input/16 Output channels; All l/Ot TTL compatible, 
a Exieraal Wlrtag Tenalaal Board edtb mounting accessories Included 
a UlOity Routines and Demo/Sample Programs for BASIC and Qulck-BASIC 

12 BIT A/D & D/A [PCL8121 $37^ 

a A/D coavartan 16 single ended inpuu; Deince: ADS74; Converstoo time less 
than 23 ascc; Built-in programraible pacer; Input ra a mr e lOV, ±3V. * IV. 
a D/A ooamrtar. 2 channels: 12 bit resolution.; Oul^ Range 0-SV. 
a Digital I/O: 16 Input /16 Output channels; ^ l/Os TTL compatible, 
a Caaalar; 1 channel programinabte interval counler/timer; Uses Intel 8234. 
a DMA and intcmipt cai^Uty. Utility software far Basic included. 


FAST 12Brr A/D/A [PCL718] $895 


a A/D caavertaR 16 single ended or 8 differeotial channels: 12 Ml melatlon] 
Programmable scan rate; Btuli-in Interrupt and DMA control cuouitry. 
conversion speed MBM wmph/wms (standard). ItMM impi^r (optional), 
a lapat raagn: Bipolar elOV, «5V. x2.5V. efv, e(L3V: Ooipolar r04.2.1V. 
a 0/A coBvwlan 1 fhaimnlt: Resolution: 12 bits res; Settling dine: Spsec; x5V 
o Digital l/0;16OUT, I6IN;TrLooamatflile:AllI/OBTTLooiiipntibic. 
o Couatar.l6 bit prop, interval counterAiiaer, Uses Intel 82S4; Pawr dock; 
o Software: Ulili^ software for BASIC and Quick BASI C indudod 
Supported by LabDAS ($193/493), ASYST, LABTECH. UnkelScope 


1 6 Channel 12 bit D/A rPCL726] $4951 

o Output Ranges: Oto -t-SV.Oio -l-IOV, eSV, elQVor sink4-20mA. 
o Settliita time: TILS. Linearity; * l/2bit.Vottafe output driving capadiy: *3inA 
• DlgHai I/O: 16 (fagiul inputs and 16 digital ot^ls; TTL oofl^wtibie. 


STEPPER MOTOR CARD $39S1 

o Capable of independent and simultanaous cnniral of up to3 stepper moton. 
o Speed: Propammable from 3J PPS to 3410 PPS; Built-in aooeleradon control, 
e Output ModR One dock (Pube, Direction) or two dock (CW.OCW pulses) 
e Step position Read-back; Opto-bolated outputs; Qystal bated timing 
e Includes 8 bit digital input/output port Ordar P/N [Kl/-73tB] 


MC/VISA/AMEX CiU today for dstjuhecti! 

Circle 59 on Reader Service Card 



B&C MICROSYSTEMS INC 

% 

355 WEST OLIVE AVE.. SUNNYVALE, CA 94«M 
TEL:(4if)73LS5ll FAX: (40$) 738-5521 
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PS/2 Model 30-021 . 

1539 

PS/2 Model 30-286 . 

1789 

PS/2 Model 50-031 . 

2149 

PS/2 Model 60-041 . 

3049 

PS/2 Model 70-E61. 

3369 

PS/2 Model 80-041 . 

3979 

il Apple* 

MAC PLUS 

1239 

MAC SE/30 IF/D. 

2989 

MAC 1140 MB . 

3949 

IMAGEWRITER II . 

429 

LASERWRITER 11 NT . 

3489 

LASERWRITER II NTX . 

4689 


DESKPBO 2e6E Mode! I 
DESKPRO 286E Model 40 
DESKPRO 386/20E Mod I 
DESKPRO a86/20E Mod 110 
PORT SLT/286 Model 20 
PORT SLT/286 Model 40 

wan HEWLETT 
iOSI PACKARD 
LASERJET II W/TONER 
LASERJET IID W/TONER 

DESKJET PLUS . 

SCANJET 

HP 7475A PLOTTER 
HP 7SS0A PLOTTER. 

SOFTWARE 

PAGEMAKER /IBM 
PAGEMAKER /MAC 

LOTUS 1-2-3 . 

LOTUS SYMPHONY 
MICROSOFT "EXCEL** 

MICROSOFT "WORD" 


1759 

2339 

3569 

5669 

3629 

3789 


1599 

2669 

679 

979 

1289 

2779 


449 

349 

289 

399 

199 

199 


MEDIA 

PRODUCTS 


Branded 

Diskettes 


BASF 5.25- DS/DO 1Q/0OS( 

3M. 5 25- DS/DD IQ/flOX 

MAXELL.5.25- DS/OD ia/aox 

DYSAM 525- D£/OD ^mQX 

VERBATIM . . .5.25'' os/OD lo/eox 

PRECISION .5.25' OS^OD 10/B0K 

(Cali for other products) 


4.53 

5.49 

5.29 

6.29 

5.29 

3.29 


AST * CALCOMP • CANON • 
DEC • OKIDATA • EPSON • 
NCR • TOSHIBA • INTEL • 
NEC • NOVELL • ZENITH 
STAR • SEAGATE • PANASONIC 
(Call for lowest prices!!!) 

QUANTITY DISCOUNT AVAILABLE 



STARTECH 

Division of HMB Trading Group 


8604 Samantha Lane 
Spring Valley, California 92077 USA 

TEL FAX ILX 


619'46e-9110 


619-466^9932 



WORLD 


Z80 Specialists 
Etnbetided Systems 


C Compiler 
Assembier/Unker 
Remote Detog 
Realtime fCemet 
Bmuiafor 

■ PC Coprocessors 
Proto Board 


Integrated Software/Hardware Targeted 
for Z80/64180 Development on PC/XT/AT 

★ ★ ★ 

Introducing DYNAMIC C™- The new 
integrated C prografnming environmenl 
for embedded systems development 

Edi t Compile^ Debug, and Run In on^ u^er 
frieodly envirviumenL Unleash the full 
power of C for your iiext Z8(yHD64180 pjroi> 
ect Ask for hree demo and mnnual. 


Z-Wi>rld Engineering 

LlWCivvcII Kin! Suite 101 
Djjvis, CA y.-soift 

(y 16) 753-3722 Fax: 753-5141 


Circle 35S on Reader Service Card 


Professiomi 

8086 ROM Development 

wUh C thru ROM and ROM-DOS 


C_lhru_ROM works with Microsoft C 
or Turbo-C to comprise a compleie ROM 
development package: comprehensive de¬ 
bugger. remote debugging, sianup code, 
full 80x86 locator. ROMable library, etc. 

C thru ROM, $495 


ROM-tX}S. a ROMable operaiing sys¬ 
tem, provides functionality of DOS 3,2 
less networking. Runs PC programs and 
EXE files. Supports AUTOEXEC and 
CONFIG.SYS. Uses only 29K ROM and 
little as 6K RAM. $6 each in quantity . 

ROM-DOS Developer's Kit, $495 


Call for info and demo disk 
1-800-221-6630 

Datalj|ht. 17505 ■ Mlh Avc NE. BiUhell WA. •m i I 
1206} 4S6-fln86, fuJi (206) 4A6-0253 


Circle 9S on Reader Service Card 


VT240 Keyboard 
for your PC 

Turn your PC into a VAX 
workstation with the 
PowerStation.”" 

• an exact VT200/VT300 
layout keyboard to plug 
into your PC, and 

• KEA'sZSTEM 240 or 220 
terminal emulation 
software 

2150 Wesi Bro^way. Sute 412 

Vancouver. B.C. Canada VeK 4L9 
Tel ■ 604-732-7411 Fax: 604-732-0715 

Toll Fr«o Order Desk: BOO-663-8702 

ZSTEUm FlcHMi^tuonntFiadBrnBfNRiilKEASyclBralJa 


Circk 175 on Reader Service Card 



Specials! 

Mlcropolis New 1335 
$535 ea. MOO 5 ea. 



SEAQATE 

Full Urn All New 
S!n23& 

STE61 
ST2511 

arase-N 

MAXIOR-New 

)CT21S0 
XT-417DE 
XT-4iras 
)(T430OE 
)(T-43S0a 
XT-easoE 
xTaaeos 

XTS760E 
XT^TBOS 
Others 

COMPAQ^ONNER 

Oti».s 

cSSS '"“O boards 

CP3104 

CP340 raraalM 

Ouadram 
Othflfi 


IMPRIMIS (ODQ 

New 

Full PYOdua Line 
PRINTERS 

Fujitsu 

Epson 

C.nah 

TosNba 

Others 

TAPE DRIVES 

Arctine 

Wountaifi 

Syngen 

OihefS 

LAPTOPS 

MltsutHshl 


CP34<IA 

CP3<4 


MICROPOLIS 

All New 
1580-15 7668 
1388^16 7$5e 
157B-1S 3B2S 
1558.15 3a2E 
1375 tTOS 
1355 171E 

MITSUBISHI 

PRIAM 

Others AYBiletrie 

Special! 

Limited T^e 
MAXTOR 
XT8760E 
676 MB for 

$ 2,575 


Call us last for best pricing 
713-240-4600 
FAX: 713-240-3350 
Datatronics 


Circk 99 on Reader Service Card 


SOFTWARE DEVELOPERS: 
Are Your Products Too 
Hard To Install? 


INSTALL 231 is an automatic installation 
pfogram you can distribute—royalty free— 
with your product. 

Features: File compression * Up to 4.3 
Gigabyte file sizes ■ Elegant user interface 
* Full C Source • CRC Disk Int^rity veri¬ 
fication * Handles all installation errors 
(open disk drive doors, unformatted and full 
disks, etc.} • Free tech support • NEW- Can 
Intelligently modify CONFIG.SYS and 
AUTOEXEC.BAT fifes • SO-day money- 
back guarantee. 

iNSTALL offers over 3 years of proven 
reliability that Is being used to install some 
of the most prestigious products in the in¬ 
dustry, We would like to add your name to 
that list. 

KNOWLEDGE DYNAMICS CORR 
HC4 Box ia5-H. Canyon Uke. TX 78133 
1-800-331-2783 MCAflSACOD/PO 

1-512-964-3994 (International) 

1-512-964-3958 {24-hf FAX) $149.95 
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BLOW Oil 



Circle M3 on Reader Service Card 


EVEREX 

AUTOSWITCH $l24e95 

I VIDEO BOARDS, MONITORS 
'■ COMPLE'FE SYSTEMS, AND MORE 

'GIORDANO'S PC'S 

' (315) 735-0655 

FAX (315) 831-2300 


426 BYTE* DECEMBER 1989 
























































10 Years Of Winning Service 


Fastest^ 

Delivery 

We Use 


Lowest 

Prices 

Industry 
Price Leader 


IVIost ^ 
Reliable 

Eslahlishftd 
Imi'i&tnLeadet 
Doing Kwiinesii 
Since IMO 


Softwarev 
Money Back) 
Guarantee , 

V. ‘Sec Detail / 


Selection 

VVfecam'Ihe 
IKOtiucts you want 


For FAST, 
DEPENDABLE 
. DELIVERY > 


( SOFTWARE ) 


WORD PROCESSORS 

AMI 

Grandview 

Multimate Advantam li. 

PFS Professional write 

Volkswriter4. 

Veikswritar Deluxe Plus 
Word (Microsoft) 

Word PBftect 5.0 
Word Perfect Library 

Wordstar Pro 5.5. 

Wordstar 2000 Plus . 

UTIUTIES 

1 DIR Plus 
386 To The Max 
Above Disk 
Allways 

Backup Pro. 

Brookfyn Bridge 
CopyllPC 


DATA BASE MANACEMENT 

Ask Sam $159 

Clarion 

Personal Developer 90 

Professional Developer 369 

Clipper Call 

d Base IV 409 

Data Ease. 449 

Fox Base Plus. 179 

Paradox 3.0 445 

PFS; Professional File 2.0. Call 

0 & A. 205 

R Base For DOS 452 


Basic Compiler (MS) 

C Compiler (MS) 

Cobol Compiler (MS). 

Fortran Compiler (M^ 5.0 
Macro Assembler (MS) 
Microsoft Quick Pascal 
Pascal Compiler (MS) 

Quick Basic 
Quick C . 

Turbo Basic 

Turbo C. 

Turbo Pascal 5.5 
Turbo Pascal Dev. Library 

MICE 

Microsoft Bus/Seriat Mouse t.O 
Microsoft Bus/Seriai Mouse 
w/Windows 

Logi Mouse - New Shape 

Hi-Res XT/AT. 

PC Mouse II Bus/Senal w/Paint 


PC Paintbrush (windows) 

Perform w/Desinger & FlHer 1! 

PFS; First Publisher Ci 

Print 0 . 

Printmaster Plus .I 

PrintShop 3 

Publish m II 

PInaz.I 

Pizzaz + . I 

Publishers Paintbrush II 

Timeline 3 0 . 3^ 

Ventura Publishing 41 

Ventura Publishing Pro 3^ 

VPGraphix. I 

Windows Express ... 3 

COMMUNICATIOIIS 

Carbon Copy Plus . $11 

CompuServe Subscription Kit .. i 

Crosstalk XVI. II 

Crosstalk Mark IV.13 

Mirror ill . i 

Remote II. II 

Smartcom II.3 

Smartcomlll.13 

INTEGRATIVE SOFTWARE 

Enable (QA) . $41 

Framework III 41 

MS Works. J 

PFS; 1st Choice . Ci 

SmartWare II 42 

Sympnony 4i 


Adobe Illustratof/Wrndows 
Coforix (VGA Paint) 

Corel Draw. 

Deluxe Paint Enhanced 

Designer 

Draw Plus 

EGA Paint. 

Finesse . 

Freelance Plus. 

Graph Plus 

Harvard Graphics Master Pack 

Lucid 3-D. 

Microsoft Chart 3.0 . 

Newsmasterll. 

NewsRoom. 

NewsRoom Professional 

Pagemaker3.0. 

PC Paintbrush *■ 

SPREADSHEET 

Lotus 1-2-3 Ver 2 2 
Lotus 1-2-3 ver 3 0 

MS Excel. 

Multiplan 4.0 Microsoft 
PFS F^ofessional Plan 

Quattro. 

Supercalc 5 . 

Twin Classic 
VP Planner Plus 

GAMES 

Abrams Battle Tank 
Hunt for Red Qctober 


Chuck Ybager Flight Simulator 
Mavis Beacon Teaches Typing 
MS Learning DQS 
MS Flight Simulator . 

PC Logo (New Ver.) .. 

Typing Tutor IV. 

CAD A ENGINEERING 

Auto Sketch 2 0 
Design CAD 

Drafix Ultra. 

Generic CAD Level 3 .. 

Generic CAD 30 Solid Modeling . 
Math CAD . 

DISKETTES 

Sony 5V4 Oty 100 DS/DD 
SonySViOty. 100 DD 
SonySV^HDQty too 


Desqview. 

Disk Optimizer 4.0 
Fastback Plus 

Headroom . 

Mace Utilities . . . 

Mrerosoft Windows 286 
Microsoft Windows 386 
Norton Utilities 4.5 
PC Tools Deluxe 5.5 
Sidekick Plus 
Sideways 

SQZPIus. 

XTree Professional .. 


PROJECT MANAGEMENT 

Harvard Project Manager III Call 

Microsoft Protect 4 0 $300 

Org -v Advanced 78 

Super Project Expert 409 

MONEY MANAGEMENT 

Dollars & Sense $95 

Quicken . 34 

Tobias Managing Your Money 5.0 109 


( HARDWARE > 


BOARDS 

AST 

Rampage Plus 286 
Six Pack Plus W/384K 
All Qther Models 
ATI 

EGA Wonder . 

VGA Wonder 256K 
VGA Wonder 512K 
Hercules 

Graphics (^rd Plus 

Incolor. 

All Qther Models 


COMPUTERS 

ALR 

Power Flex 286M0MG 
Qther Models 
AST 
Bravo 5 
Qther Models 


$1329 

Call 


1200B w/Software 
2400 Ext 

ATI 

2400 ETC w/Software 


All (jther Models 
CltUan 

120D. 

HSP500 
All Other Models 
Olcoiilx 
150 plus 
Epson 
L0850 
L0510 
LX810 

All Other Models 

Hewlett-Packard 

Desk Jet > . . 

Laser Jet Series II 
NEC 

P2200XE . . 

P5200 

P5300 . 

890 Silentwriter 
Other Models 


9600 

Communicator 

Panasonic 

FXBM89 


Evercom 12 INT . 
Evercom 24 w/MNP 


Mitsubishi 

Laptop 

NEC 

Multispeed HO 

Panasonic 

FX 1650 


Bernoulli Box 

10 Meg 
40 Meg 

Beta Ext 20 Meg 
Beta Int 20 Meg 


1200B ... 

2400 

Other Models 
Practical 
2400 EXT . 
2400 INT 


Colorado Memory 

Jumbo 40/80 EXT (w/Tape) 
Jumbo 40/80 INT (w/Tape) 

Seagate 

20 MG w/WD Controller 

40 MG AT (251-1). 

All Other Models 
Teac 

1 2 MG AT . 

3 5 0r720K. 

3.5 Dr 1.4 MG 

HARDCARDS 

Passport 20 MG 
Plus 20 MG 
Plus 40 MG . 

Impulse 40 MG 

SCANNERS 

Complete 

400 Hand Scan 
Half Page 


80287-8 . 

80287-10 

80387-16 

80387-20 .. 

80387-25 . 

8087-1 . 

8087-2 . 

Aboveboard-r- 
Aboveboard -t- P/S .. 
Aboveboard II . 

Inboard 386-PC 1 MG 
Inboard 386-AT 1 MG 
Qther Models 
Orchid 

Pro Designer « 

Tiny Turbo 286 
Paradise 
Autoswitch 480 
VGA-t^ 

VGA Plus 16. 

VGA Professional 
Video-7 
Fastwrite VGA 
V-Ram (256K) 

V-Ram (512K) . 

Zenith 
449 


T-1000 
T1200F 
T-1200HB 
T-1600 
T-5100 
T-5200 
Zenith 
Mimsport 
Supefsport/2 
Supersport 20 


12()bB w/Software 
2400B w/Sottware 
Other Models 


Courier 2400 
Courier 240OE w/MNP 
HST 9600 . 


320 

321 

390 . 

391 

All Other Models 


MONITORS 

Amdek Monitors 
210A 
410 

Mitsubishi 
Diamond Scan 
Diamond Scan 16“ .. 

NEC 

Monograph System 

Multisync 2A. 

Multisync 3D. 

Multisync 4D . 

Multisync 5D .. . . 

Other Models 
Princeton 

Max 15. 

Ultrasync 14“ . 

Ultrasync 16“ . 

Other Models. 

Sony 

13(54 . 

Multiscan (1302A) .. . 
Zenith 

1490 . 


1124 . 

1180 .. . . 
1191 . 

1524 . 

1595 . 

Lazer 4450 . 

All Other Models 
Star Micronics 
NX 1000 

NX 1000 Rainbow 
All Other Models 

Toshiba 

301 

311 . 

321 SL 


Faxphone 8 
Faxphone 15 
Faxphone 20 
Faxphone 25 

Epson 

Prionly Fax F1000 
Murata 
1200 
NEC 

Multifax 


Full Page .. 

DFI 

HS 3000 ^ 

Logi Tech 

Scanman Plus 

NETWORKING 

AQUILA 8 Port Active Hub 
AQUILAArenetCard 
Novel Netware 

SMC 131 Arcnet. 

Tiara F»asstve Hub 
Other Boards. 


30100 

3300 

3600 


KB 101 H 
KB5151 


Now Accepting International Orders caii our Fax at (602)944-1510^ 



No Charge for VISA and Uaetarcord. 

■ We Do Nor Charge Vour Card Until Your Order ia Shipped. 

• All products Including DOlAIs. carry only manufacturer^ war- 
raniiee W» do rtot honor guarantoee, rebates, inai period pnv- 
aeges or promotional programs offored by manufacturers 

• No returns on used or iTMsordered product. 

• You Pay The Ground Shipping MO# $700:11-20# $11 00 

(Except Alaska & Hawaii). We the Air Oiftererxre. 


- Free Aa Appiws ONLY to Domestic Orders Over $100 

• biterrurtionsl Orders Add 5% 

• Cell Before Submitting #.0.11. Ask for NaUoftel Accounta. 

• Personal and Company Checks WW Ooiey Shipping 3 Weeks 

• Prices, terms S Avelabilrty Sub|oct to Change Without Notice 

• AddSkstorC OD Orders. 

- We Do Not Qtwraniea MacMne CompaUbllity. 

• Compabbifity disclaimer does not appty to MIT Computers 


• Mailing Address: TELEMART. 6804 N 23rd Ave , 
Phoena.AZ 85021. uiMIfl 


- 1b Follow Up On An Order 
(602)944-1037 
• Order Line Hours 


MMC 


Mon -Fti. 7 00 em-6 00 pm 
Saturday 9:00 a.m.-lC0pm 


d liw Dirui Uodetti tiMctciMB, lei 



riri ^0 ^7d nn Rfiadp.r Sprvitp Card 

















































































































































33 MHz 80386 Motherboarct 



TIME 


REAL 


iO96/0a, 

80386 

■ Fut, r«|itb<» ati«mtlthn 

■ Compsci •nd HOMtbJu- 

■ PC prniphefti •pppan 

■ D03 tilt «:c«M 

■ C larvguflge support 

■ Proemplii't scnpdiiJpr 
P Time aiicrng pvaUtPIo 
B CdnEi^L^reEiDn Builder 

■ Full dacumentnlian 

■ tnSjghI™ DepLigoir^g TddI 


MULTITASKING 

KERNEL 

63000/10/20 
Z80. 64180. 8080/86 


ttiBS sages 

■ exChat>gaE 

■ Dvrwiihc operations 

— lash cfsalft/deleiB 

— tmh prioflEies 

— mainory allocation 
m Event Manager 

B Semaphore Menagtr 
m Llal Manager 


□erne Qtih 
Manual only 
AMhK I3n»ua 

I ShippinarhimAing uej^ 

CaN E'Pr firrcar ftii 


Mo ftormitiM 
5cwm Cotfe liKhUtuS 

tas U# 


KADAK Products Ltd 

20& t»l7We»l Broadyvay 
Vancouver. S C, Canada 

^__ VSJ ivs 

aux. amx se.i[»3<i4ni m i««Hnui'ki ALTHeptiont: {^a} 734-2796 

IF Fax t« 04 ] 734 -fln 4 


TDTRLLV USER fRJElSIDLV 


BRANDYVWRE preserls ULTRA:BASE 
Finally a dMasa you can use wrttioLii timely 
manyals, aiKj have tun doing iti Features Indude, Help 
wlfKlcMs, Moiling labels. Calculator, Mema pad & alann, 
Faska^ Amortization. Up to twenty numerto rieids. 
Scan twenty records at a time, Snapshots ol the com¬ 
plete record to the primer. Global update a^d delete, 
Auto-doie, Grand totals Runrwng totals. List dt matching 
records, Auto ftlHn oT ail deleted records, and records 
Ihe last lime the folder was used. 


Plus all the standard lealureB like searching, up¬ 
dating, sorting, dos shell, priming recwdstothe printer 
□r screen, prinllr^ results of amortization to printer or 
screen, rename fields or fpldare, delete tolders, All this 
ar3d NO manual required. All the help you need Is pro¬ 
vided tof you, al the lime you need It, wilh on screen 
help and pop-up help windows. Guarenteed to be the 
easiest database (with powerl to use, or your money 
back. 

requires CGA, EGA, VGA, Hard drive 
Send check or motwy order to: 

BRANDYVIMRE 


ONLY 

119.90 


24 North HIbbert euitB 6 
Mesa, Arizona S5201 
602-S44-1D67 


C,0,D, 

OK 


Faster than tfie Everex Step' 

8.3 MIPS! $2,299 (Ok) Qtyl 



•64Ke»KW«leB«kCachi -liueS^MmoiyExl) btCMB 

- Dual n^il/Wnig Ckihe ■ Support SOSB^/Wmiek 

> 100% Faster DMA TtiroushpiH • UNIX, DS^ & NewII CtmlialiJite 
Itian Staratartl AT • 1 Year Full WarraHy 

■ TiansparaTl Jidrsh ■ Confiete Ooaimenblkjn 



MIPS 

Cache 

Ok 

m 

3B6/33 

^,3 

256K 

2699 

3149 

386/33 

8.3 

a4K 

2299 

2749 

386/25 

6.2 

64K 

H99 

1929 

386/20 

4 9 

64K 

1299 

1729 


Technology Power Enterprise, Inc 

Jkm) Fremont Blvd #118. Fremont CA 94538 
Tel (415) 523-9162 FAX (415)623^9462 
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Circle 310 on Reader Service Card 


WINDOWSTOOLS 
FOR DISTRIBUTION 

WindovrsToeli is a nsw application for Mlfrosoft 
WIntlovrt, It consists of 22 involunble aids foi the 
daily ose m your PC fllte Ptogram Starter, Album, Com- 
era, PtinI Clipboard, Scianttfic Cokuldtpr, Unit Coavar- 
slon, Screen Savsi, Ascii Table, Free Memory, Haidwoie 
Info, Backup/Resforcv Wake Up, Calendor, Clock, Stop¬ 
watch, Coyntdown, (ommeat Files, Seatth Files, Aetrib- 
te Change, Move files, Shaw Dlreclaries. WindawsTools 
il presenlly aveHabke in Eagliih and German. French, 
Spanish and other languages ore in development. For 
iiHiriotliii an4 dlitrfbutlen enquiries word^ 
widi pleat* conlacl: 

GESYS Software ConsulfiDg GmbH, 

1!ebenrlng 33, D-3300 Brnunsdiwelg, Wesi-Germ any. 
ta: (4?}-531-3B0114B; Fax; [49)-S3V3fl011- 
^2; Mm: t49hS31-821i=TICHPBS 



Uirmoli II ■ EggiiitirpiJ ris^Drk pF MkihoFe Cwp 
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ROM Based PC Systems 

For cornpletc stand alone applications 


High Performance! Low Powert Compact! 

AT equivalent systems and CPU cards. 

■ Boot up MS-DOS and applications software oN 
EPROM tor diskless operalion using our BIOS. 

* Run DOS applicalkina. Our CPU eanfa use NEC 
V50 highly tmegraied micros that run eoe8/2a€ 
code, Oss PCjAT cards on a passive bai^plarie 

- Sottwarv; Rtkos lor stand alone diskless use: Kbtos 
lor disk based sysiems: Ebios downloads DOS oH a 
host PC. Debug Moniior wiih source code. 

- CPU Card*: KS-S with 1 Meg RAM, 256k ROM. 5 
sarral pons. AT bus, 2 watts; KS 3 CMOS card, 

120k RCDM, 64k Static RAM, 1 watt. Piggyback card 
KS-21 With SCSI, Floppy, Pnnier. Keyboard. 

CPU Cards $2^ 

Systems i4« 

" . CALL (303) 444-7737 


Circle 176 ott Retider Service Card 


FIRST 80486/25MHZ St 
FASTEST 80386/33 MHz 
MIPS:8 MIPS, Sl:40.6 
LANDMARK:S8.7 

INVENTORY CLEARANCE: 
20MHz 386 SYSTEM....$1,530 
(1MB RAM, 1.2MB FDD, AT I/O, 
40 MB HDD, 1:1 CONTROLLER, 
AT CASE, 230W P/S, 101 K/B) 

16 MHz 386SX SYSTEM$1,330 

25 MHz 386 SYSTEM.$1,730 

MONO VIDEO SYSTEM $ 110 
SUPER TOWER CASE(ADD)$75 
RAYTON COMM., INC. 

14731 CARMENITA ROAD, 
NORWALK, CA 90650 
TEL: (213) 802-8258 
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INSTANT PRODUCT! 

*** just add software ••• 

TDS9090 

FORTH 

control 
computer 

Powcrbil 4" X 3" si ngic-board compulcT, based on 
the CMOS HDti3tt3Y- High-Eeve! easy Forth 
language on board - R£ALrTlM£ DEBUG! 30K 
RAM, 16K RAM/PROM, 2K EEPROM. Allach 
keybuerdf led, UC perlphemls. Built-iii jmemipk, 
multi-rasking, watchdog timert editor aod 
a.sseniblei, 32 I/O iioes, two RS-232 ports. 6-16 
volts operating at 3ma, Low-power tasts one 

year on 9v battery! Opdonal data-lpgging mod¬ 
ule: lO-chamiel. 10-bit or 3-cliaiinel, 12-bit A/D. 
128K RAM, D/A, ckte/time clock. Includes lots 
of reody-fnade software solutiam. Made in 
Biigland, over 3000 are in use in Europe for 
tnachine control, data-loggingj inspection, Victory 
automation, robotics, remote monitoring, etc. 
Available on 3(klay free trial. 

4 $219 (25 g(y inc shipping] 

SADLIG Company 

Vtotor, NY 14564 

_ (7103 425 3753 p M 1716)425 7381 



68HC05 In-Circuit Emulator 

The TECICE-HCOS is a low cost real time 
emulator for the Motorola 68HC05 &mily of 
single chip microcomputers. Any host computer 
with serial port and temiinaL emulation software 
can be used with TECICE-HC05. Base price is 
$1195,0 CIl Complete development system software 
is available for MS-DOS computers mcluding the 
Byte Craft Limited C6805 Code Development 
System which includes a 6805 C compiler with 
Integrated Development Environment. 


^THEEmtNEERS 
COLLABORATIVE, INC. 

mi BOX ac Barton, Wrmont 05822 
Phone (002) 525 3458 FAX (802) 525-3451 


PROMPT DELIVERY!!! 

S SAME DAY SHIPPING (USUALLY) 

QUANTrTY ONE PRICES SHOWN iv OcT. 2 B. 


IC 


, DYNAMIC RAM 

I SIMM AST Pfem3e6.33Mn2 $300.«)0 
I SIMM £1) 2S6KX36 80 PS 300,00 


SIMMi 

simmI"^ 

1Mbit 

41266 

4t2S6 

412B6 

41256 

4464 

41264 (3! 


SO ns 
100 ns 
100 ns 
60 ns 
SO ns 
100 ns 
120 ns 
120 ns 
100 ns 



mx5 
aSEKsS 
IMkI 
256Kx1 
256KX1 
256K!(1 
256KX1 
64Kj(4 
64Kx4 

, EPROM 

I 27C1000 12 BK)(B 200 ns 
127512 64Kxe 200 ns 
127256 32 Kkb ISO ns 
127128 i 6 Ky 0 250 ns 
, STATIC RAM 

I62256P-10 32Kxa 100 ns 
I6264P-12 eKxa 120 ns 
16116AP-12 2Kx3 120 ns 


OPEN m DAYS, 7:»ah 10 PM: SHIP VIA FED-EX ON SAT. 


I RECEIVED BYI 
ntu 

Ri FI t14Jb1 a 


MansfCarft'ViSA w UPS CASH GOD' 

h/IICnOPPOCESSOFlS UNLIMITED. INC- 

(918)267-4961 


y, iniur.p[iM wug, up fci W 
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Califnrnia Digital 

17700Figueroa Street • Carson, California 90248 



OPTICAL 

_ WORM 

HrHe Once Read Many... California Digital has )ust purchased 
rom PRIAM CORPORATION, 300 hundreds of Information Stor- 
aae’s ISI/525WC optical WORM drive. The WORM s were man* 
jfactured for Priam and bare the Pnam logo. Chosen ‘ Editors 
[Choice" by PC Magazine. (March 29.1988) the 525 provides 230 
Tiegabytes of random accessible data on each doubled sided 
lippy cartridge, (manually flipped) 

3ptical storage is the perfect medium for maintaining "on line” 
irograms or other static data. Ideal for catalogs, part lists or any 

K iplication where random accessibility is required 

10 ISI/525 is available in IBM internal configuration but an exter 
lal erKlosure may be added. Supplied with or>e cartridge. ESDI/ 
^ controller, cable and transparent optical software. For add!- 
lonal information, contact Steven in our technical support depart* 
nent (213) 217-1947. The ISI/525 is a current production drive. 


Image scanning for OCR text, photographs, and 
line art High roaohjfkon 300 DPI, the DE ST PC Scan 
Plus/651 is capable of rendering photographs to 32 
halftone shades. Also inputs text directly from 

printed pages to ASCII files or cirectly tmo »Tios* word 

processing programs Electronic status (*splay 
Available lor both the Madmosh (SCSI) or the IBM/ 
PC. Please specify 115 or 230 volt 
Ongmal pnoe was over $3000, now IS your chance to 
purchase a DEST scanner lor only $6^. 


PC Magazine has chosen tie NEC-690 best laser 
printer o< the year. (Jan. 12.1988) And Its obvious 
why... the pnnter e Postscript. Hewlett Packard, and 
Ap^ compatible, and comes standard with three 
megabytes of memory. The 890 accepts data from 
parallel, serial and Apple-Talk devices. 




CO/MM ConpMe Ki 


Virtuaty every industry and profession Is 
sseminating Information on CO/ROM. One compact disk, the same sue as an 
jdiodnk. can store over SOO megabytes of data in High Sierra formal 
Blow Is a listing of some of the CO/ROM drives currently available from 
alilornia Digital. The best value Is tie Eclipse 430 external drive. The 430 
dudes PC/XT interface, cables, sampler software and MS/0O6 extension It 
so offers an audto output leature for muttmodia presentations The system is 
lanufactured In Japan by one of the Worlds largest producers of magnetic 
orage equipment. A super value at only $539 


lipse 430 external system.$539 

‘tachi 1503S External system ...685 

lachi 3500 Internal system.595 

achi mternal drive only .519 

:c CDR/77 External drive oity 696 
C CDR/80 Internal drive only . .639 


NEC Inteffaoe kW for above-169 

Sony CD/510 Internal drive only .559 
Sony 6101 exiomal drive only —796 

Sorry 230B Interface kit......159 

Panasonic LF5000 •write once" 1895 
Panasonic interface kit lor above .358 




^^lifornia Digital has aM the components needed to customize your own 
omputer Buy as much computing power as you need now. and H) grade 
then the need arises. Here are some examples of components available 


01 11 MHi btey AT Moewthowd 

lolwllvoclrtvt ATcaao... 

irdrlwoXTcna----—.15 

1/102 AT/XT GwTMnmlg.K«ylKMrri .S7 

e watt AT po«»or oupiify-S9 

CSSOK/a^dlakttrlva_ 4S 




Mf Cm Odf 



40 Meg. Tape 

Baek-ap 

*179, 



ead Crash. Power Spikes or hist poor disk maintanance... 

on ! loose data because you didn't back tp The Alloy/40 is an inexpensive 
ay 10 save and restore files in the event that your data has been distroyed 
his 40 megabyte half height tape back is manufactured by North Americas 
rgest proauoer of data rotnevai equipment. 

o need to purchase a separate tape controller, the Alloy/40 attaches directly 


ack up enbre hard disk, modified files only, or by liie name Loss of data is 
?vitabte but when you are backed up on an Alloy/40 its not a catastrophe 
250 for PC/XT $179; Model 500 for AT $239 


Siha SeauMf *SS9 


The Saba Scanner inputs a pnnted page of evenly 
spaced text in less Inan three seconds Included 
OCR soflwara allows your computer to transfer 
pnnted pages Into ASCII files or drectly to spread¬ 
sheets and most word processing programs 
Archival data, legal briefs. No problm Simpfy in¬ 
set the page into the Saba and in seconds the docu¬ 
ment IS digested into your computer and ready for 
editing. Also does line drawings that do not rer^ire 
gray tones. Limited (^^ilies available Ongvial 


$1299; now only 


SCANNIM 


SABA SCANNERS 
page scanner with OCR software — 
hand held scanner witi OCR soil..... 
DCST SCANNERS 

PC/651 acan-^ 32 shades. 

2000 edge feed scanner.—. 

IMCRO'fECHSOOG 256 gray scales 

OF1 HaodiScan 300 wWi Hate.. 

PRINCETON GRAPt«CS LS*300„ 
PANASONIC 

RS505 Image page scanner-- 

RS506 Page scanner_............ 




HEWLETT PACKARD 

Laser Pnnier II. 300x300......2595 1659 

Laser Pnnter ll/D double sided.3995 2995 

QMS PS/810 2 Meg . 35 forts. Posl/S 5495 3879 

APPLE Laser Wntler NT-... 4550 3859 

NEC890 Postscript. 3 meg.4975 3095 

DIOmZIRS 


Hn-ACHl 

HDG 1212 Puma 12x12"... 
HDG 151515x15.... 


TigerllllC. 12x12 stylus extra....727 

HOG 3648,36x48 .5357 

SUMMAQRAPMCS 

Summa 1201 phis 12x12" 599 

TB 3648,36x48 . 4748 

KYE Genius Tablet w/4 but mouse..589 

CALCOMP 

25180.12x18"- 1275 

91480.36x40'. 4118 


356 

659 

487 

3995 

379 

3729 

279 

999 

3389 


MhfoSeftMom 

Your chotee, MkxoSoII Inpori Buss Mouse" or 
“Senai Mouse". The industry standard, list price 
$150. now available for orty $59 Includes soft¬ 
ware arxl manual Packaged in OEM t 



machi Plotter 

Automate Paper Feeder 

FAST^ 22 inches per second. Size “B" 
four pen with auto pen capping and 128K/ 
byte buffer. HPGL compatible. 19 built-in 
character fonts and automatic sheet feeder 
make the Hitachi 673 a super buy at only 
$795. RS/232 and centronics parallel. 

PLOTflRS 

HOUSTON INSTRUMENTS 

DMP41 stogie pen, 3 IPS.C60 ...-..2995 2295 

DMP52singlepen.l6v8.C&D .......3295 2495 

DMP56CsizeA-E,16f)S.......5695 3095 

DMP61 stogie pen. 32 ips.A-0 ......... 4295 3095 

PC695A 4 pen, size Ips.799 595 

CALCOMP PLOTTERS 

1023 Artisan A D. 8 pen. 30 ipe.-. 4895 3796 

1043GTsizeA E.8pen.24ip8.7995 5495 

HEWLETT PACKAM 

7475A 6 pen size "B". ..1895 1495 

7550A 8pensize “B"32lp8.3900 2995 

7595A 8 pen, size A-E. 24 ips ..9990 7595 

HITACHI M.OTTER8 

673/BM 4 pen. size “B" auto feed..—.2455 795 

675 size ' A-D' 6 pen.. ..5600 2995 

FUJITSU Imagwaph. 6 pen, 11x32.1295 896 

lOLINEPLOTl^ 

LP3700siZ8E. lOips........4195 3195 

LP3700MP8pensize'-E"10lps...4695 3495 

ROLAND PLOTTERS 

OPX2000 size "C" 8 pen with stand 2995 2195 

DPX3300size D 8 pen with stand__4995 3495 

ENTER COMPUTER 

SP600 size -B ’ 6 pan .. 995 659 

SP1000 single pen size A-O .3995 2795 

JDL 850. size C" one meg merrxxy 3845 2789 

VERSATEC 8524 Electrostatic..16,900 13789 

NUMONICS 

5460 size A-0 . .2496 1859 

5860 size "A-O' 8 pen.. 7495 5759 

CAO SOFTWARE 

AUTODESK 

AutoCad verskx) 10. 2995 2199 

AutoSkelch Std & Enhanced 2.0..99 79 

VERSACAO Designer...J>995 1996 

GENERIC CAD level 1.. 49 39 

AMERICAN SM. BUSTH. Design Ced . .299 179 


BBACebr 

HmHot 



Ideal for CAD/CAM and Desk Top publishing appkeafions The 
Roland CO/240 color monrior has a resolution of 720 paols by 
400/480 fines on a .31mm dot pilch 12” non-glare screen VGA 
specifications to text mode EGA in graphic mode 
Cafifomia Digital has made a special purchase and is able to offer 
the CO/240 Iga/VGA RGB color monitor Iqr only $219 
Ful featured. 132 coiurm, multi-resolution video color adapter 
card available for only $139 additional. Comparable card package 
would retail lor SI 095 


DISKDRIVES 


*19 


5" DISK DRIVES 
rccsoi W heighi tgLaldt. 29 

TECS04 W M. dOuU* tkltd ..„«9 
TAHDON 101 /4 full M. 96 TPI .M 

TEAC rossan IwN height- it 

TEAC rossfri 96 TP1. hall hi .119 
TEACFDSSQFR for IBM AT ..109 
PANASOfSC 4SS Halt Haight ...M 
PANASONIC 4751Z Mag7AT.99 

Fulitsu SW" doubla aidad-99 

Dual endoaura lor 5W" drivoa 69 


SVt" DISK DRIVES 

SONY MP-73W. 1.44Mag-.13t 

TEAC 235HF 1.44 Mag._99 

5W' Form Factor KM_.20 

8" DISK DRIVES 

QUMte042doutilaaklad_198 

OUME841 ainglaaldod.90 

SHUGARTI61RdM.8idad.319 

8HUCART 901R agLildad.2S9 

SIEMENS 100/9 agl. aldad ....1 It 
REMEX RFtMOOO dbL sided ..199 




aOMegabfle Hard IH$k HH 

*359 


Forty megabyte internal hard 
disk drive, controller and cables 
all for only $359. 

The kit includes the a 40 
millisecond Miniscribe 3650 
drive and a half slot Western 
Digital controller. 



Rv 8 Inch Winchester Oitfc Drives 
Pries So99 tel itchtet confroiltr. ttdi bto-f 
SEAGATE 22S 20 Meg. HI. 239 229 
SEAGATE 239 30 Meg. RLL 259 249 
SEAGATE 251/151 M.28mS. 459 445 
SEAGATE 4096 96 M. 35niS. 559 539 
MiNISCRiBE842S25M 65ms239 227 
MINISCRIBE 3650 SOM 61 ms. 319 309 
MINISCRIBE 6085 90 meg. 459 435 
MINISCRIBE 305325 ms. V^ht.3S9 339 
FUJITSU 2242 55 M.35mS. 1299 1229 
FUJITSU 2243 86 M.3SmS. 1695 1619 
RODIME R0-204E S3Meg. 895 859 
MAXTOR XT1140 140 Meg. 1495 1450 
MAXTOR XT2190 192 Meg. 1919 1875 
TOSHIBA MK5670 M.30mS.1289 1229 
CONTROL DATA WREN ‘‘V” call 


1:00 AM to 5:00 PM 
Pacifie Time 


Every year since 1973, customers from virtually every nation in the free 
World nave chosen California Digital for their data processing requirements, 
if iff computer, California Digital has it... complete minisystem or just one 
microchip. California Digital offers over 10,000 unique computer products. 
Regardless of how spedatized your data processing requirements... | 

I Caiifomia Digital is your one stop shopping solution. 


• Winchester Controllers for IBM/PC f 


DTC 6280 AT/ESD11:1 interleave 229 
DTC 5150 XT/MFM hard drive 69 
DTC 7280 AT/MFM 1:1 Interleave 189 
ADAPTEC 2072 RLL controller 89 
ADAPTEC 2372A 1:1 interleave 159 
WESTERN DIGITAL WD/10026EN 89 

WESTERN DIG. 1006VMM21:1 & Ipy.ISS 
WESTERN DIGITAL 1007VMM2 ESDI 239 
• SCSI/SASI Winchester Controllers • 
ADAPTEC 5^1” tool prim 259 

WESTERN DIGITAL 1002-05E SVi " 229 

OMTI 20L 89 

• Winchester Accessories • 

Dual floppy enc. and powersupply 59 

Winchester enclosure and supply 139 

Switching power supply 49 


TECHNICAL A CALIFORNIA 

( 213 ) 217-0500 

TOLL FREE ORDER UNE 

( 800 ) 421-5041 


Tetefax • (213) 217-1951 












































































■ ■ IVII VIC 

micpocompu T tN 

£ J MARKETIfSiG COUNCIL 

SfFJDR Mictxxlevices 

3(7 D>ir MOAf£y BACH GUARANTEE * 1 y£4i? M^>lffff4Nry ON ALL PROOUCTS * TOLL-FREE TECHNICAL SUPPORT 


NEW LOW 

DYNAMIC RAMS miCESI 


PARTI 

SIZE 

SPEED 

PINS 

PRICE 

4116-156 

16384x1 

150ns 

16 

.00 

4164-150 

55535x1 

iSOns 

16 

2.40 

4194-120 

65536xt 

120ns 

16 

2.89 

4164-100 

65536x1 

lOOns 

16 

139 

THS4464-12 

65536x4 

120ns 

16 

429 

41256-150 

262144x1 

I50ns 

16 

2-59 

41255*120 

252144x1 

120ns 

16 

2,06 

41256-100 

262144x1 

100ns 

16 

115 

41255-99 

252144X1 

60ns 

16 

3.76 

41256-60 

252144x1 

60rK 

16 

5,25 

414256-100 

252144x4 

100 ns 

20 

t2J96 

414256-60 

262144x4 

80nis 

20 

13.45 

1 MB-^120 

1046676x1 

120ns 

16 

1106 

1 MB-100 

1048576x1 

100ns 

18 

12,35 

1 M&60 

1048576X1 

sons 

18 

12.06 


SIMMMODUIMS 

PARTI 

SIZE 

SPEED 

FOR 

PRICE 

41256A0B-12 

256K X 0 

l2QnB 

SIMM/PC 

36.05 

41256A0B^ 

256Kx9 

6Qns 

SIMWPC 

49,05 

421000ASB-1Q 

1MB x S 

lOOne S1MIWMAC 

109.05 

421OOOA0B-1O 

1MB x 9 

lOOrs 

SiMM/PC 

113,05 

421QOOA06-8O 

1MB X0 

sons 

SIMM/PC 

119.95 

256K9SIP-80 

256K X 0 

sons 

SiP/PC 

54.05 

Z56K9SIP-60 

25eKX0 

60nE 

SIP/PC 

64.05 

1 MBx0SlP*9a 

1MB x0 

80ns 

SlP/FC 

124.05 


STATIC RAMS 

MEW LOW 
pincEif 

PART# 

SIZE 

SPEED 

PINS 

PRICE 

TMM2016-150 

204BXB 

15ons 

24 

3,25 

HM6116LP'2 

2049x8 

120ns 

24 

5.49 

HU6254LP-15 

8l92xB 

iSOna 

28 

6.95 

HM6264LP-12 

8102x8 

12<Xis 

28 

7,95 

HM432S6LP-15 

32768x8 

I50n$ 

28 

10,96 

HM43256LP-12 

32768x8 

t28ns 

23 

17,95 

HM43256LP^1D 

32766x8 

100ns 

28 

1196 


MATH COPROCESSORS 

S-RIT COPROCESSORS 

Q0«T 5 MMz B9 J6 

0O»7-2 8 MHi IZg.95 

8087-1 10 MH2 189^8 

JtSWT COPROCESSORS 
802S7 OMHz m.SO 

90287-8 e MHi 300,95 

80287-10 10 tAHz 23S>,9S 

eOC2fi7 12MK2 200J5 

3E-SIT COPROCESSORS 

80387-1C 18 MHz 3S0.98 
e0397-SX 16 MHz 310J5 
80387-20 20 MHz 380.95 
90387-25 SSMHa 400-95 , 

^80387-33 33MHz 640.95 ' 


INCtUDES MANUAL 
& SOFTWARE G UIDE 


74 SERIES LOGIC 


7400 

.19 

74LS32 

.18 

74LS245 

.70 

74LB0O 

.16 

74LS73 

.29 

74LS273 

,70 

74LS02 

.17 

7474 

.33 

745288 

1.60 

7404 

.19 

74LS74 

.24 

74LS322 

3,05 

74LS04 

.19 

74S74 

.40 

74LS367 

.38 

74304 

.29 

74LS13g 

.39 

74LS3T3 

.70 

7408 

,29 

74LS165 

.50 

74LS374 

,70 

740B 

.24 

74LS163 

,30 

74LS303 

,70 

74L$09 

,18 

74LS240 

,50 

74LSS82 

3.20 

7432 

.29 

74LS244 

.50 

74LS586 

3-40. 


C,P,U.’s 

BOOO 

8052AH 
bask; 3 


9251A 

82S3-5 

8254 

8255-5 

8741 

9748 

9740 

9755 


eSCOr 7,95 

6522 2.9S 

y-izo 

V3a 6.95 

V20-9 0.95 

V20-1Q 11.95 

¥30 13.95 


MISC 

DAG0800 3.29 

1793 0,95 

COMB116 8.95 

MCI 46018 5,95 

MM5S167 9.95 

INS8250 6,95 

NS16450 10.95 

LW317T ,69 

NES55 .29 

LM741 .29 

7eOST .49 

TBIzr .49 

75150 1.95 

75154 1.95 

144t1 9.95 

CRYSTAL 

osauATOfm 

I.OMMz 5.95 

1.9432 5.95 

20.0 4.95 

24.0 4.95 


PALS 


16L8 

2.05 

1GR4 

2.05 

16R6 

2,96 

1SH8 

2.05 

20LB 

406 

20H4 

406 

2DR6 

4.06 

Z0H8 

405 

20X8 

4,96 


PALKH 

AN ENTRY-LEVEL | 
COMPLETE PAL 
DEVELOPMENT 
KIT FROM CUPL- 
FULL SUPPORT 
FOR15L8. 18R4, 
t6R6.16R9. 20L9, 
20R4, 20R8. 20R8. | 
AND 2QK8. 
MOD-MPL-SOFT 
590.05 


HIGH-TECH 
SPOTLIGHT 

It you've been ininklng abauL leplaolrio y«u7 JCT molber- 
tHHfd with an AT, this is the optimum iimeT Prices on AT type 
niQthert>oenl5 are about es low a$ ibeyH aver gel. vour intiiai 
Invftslmenl need be no more itwi Ihe cost of ihe motherboard. 

It you have at Jeesi 5i2K of memory (using 41258 ohips). 
then all your current peripherals (with the possible excephon 
Of Serial poris bfhJ keyboard*) wHE be usable on a repiocemOfit 
motherboard. TTils IncHides your esse, power supply^ display, 
noppy ririvos and hard disk driwas. To use your curranl 
meirory, you may have to run at a slower clock selling, hut 
ev^ then you'll gel 4-5 llmee your currenl throughput 

Board repiaceniertt is oasy. Begin by urkpiuggfng |he power 
conneclor and all peripheral cables- Open the case and 
remove the cards Irom their sktla. Then remove Ihe screws 
holding the molherbeard and slide tbe board out. Reverse this 
procedure to Inslall the new board.'* 

Later, to enhance performance, you can replace some of the 
periphoraio with tboir taster AT ooun^rparta, like a 1 ;:i Inter¬ 
leave AT FjM controllar, more andror taster memory, and a 16- 
bit display card- 

Derfch MOore. Director of Engineering 


' □OgtMlF'CtflveeBr 


« nipif rw||iti« mMor mpcjitciiaofiv |q m 


d port! IT 


EPROMS 


PARTI 

SIZE 

SPEED 

Vpp 

PINS 

PRICE 

2715-1 

2046x6 

350ns 

25V 

24 

3-95 

2732A 

4096x8 

250ns 

21V 

24 

3,95 

2764 

B 102x6 

450 ns 

126V 

25 

3.40 

2764-250 

8102x6 

250ns 

1P.5V 

28 

3.G9 

2764-200 

B192x6 

200ns 

1Z5V 

25 

4.25 

27C64 

8192x8 

250na 

12.5V 

28 

4,9S 

271 ZB 

15384x8 

25ans 

1Z5V 

28 

4.25 

27128A200 

16384x8 

200ns 

12.5V 

28 

5.95 

27256 

3Z766Jta 

2S0r^ 

12-5V 

25 

4,95 

27256-200 

32766x8 

200ns 

12.5V 

28 

5.95 

27C256 

32788x6 

260ns 

12.5V 

25 

5.05 

27512 

85536x9 

250ns 

12.5V 

28 

9.95 

27CS12 

65536x6 

2S0nfi 

12.5V 

25 

9,05 

27C101-20 

131072x8 

200ns 

12.5V 

32 

39,95 


EPROM ERASERS 

OATARASEII *SS.9S 

< SHIRT ROCKET SIZE! « 

- ALL SIZES UP TO 4 AT A Tl ME ' *W 

- ERASES MOST EPROMS IN 3 MINUTES 

DATABASE II 


SPECTRONICS 

CORPORATION 


Model 

Timer 

ter 

ChipB 

IflbSftalty 

(UW/CirF) 

PE-140 

NO 

0 

6,000 

PE-1401 

VES 

0 

8,000 

PE-240T 

YES 

13 

0,600 

PL-2$5T 

YES 

30 

0,600 


Unh 

Cost 


$ 89.05 
$139.95 
SI 89.96 
$255.95 


POWER SUPPLIES 

13S WATT 




- FOR ;rT * 110-220V SWITCH 
* ULAPPROVED 

- 4-5V@15A. *12V@4 2A. 
-5V@.SA. -12V@.5A 

PS-13S $sa 

PS-1501 sow SUPPLY $09 
PS-200)C 20OW SUPPLY SS9 


200 WATT 


' FOR AT -110-^V SWITCH 
‘ ULAPPROVED 
» +SV @ 2aA. +12V r@ 7A. 
-5V@.5 Ah-12V@ 5A 

PS-20a $68.05 

P&-250 259W SUPPLY $129.85 


PROTOTYPE CARDS 

FflJ EPOXY GLASS LAWNATE Wfm GOLD PLATED 
EDGECARO FJNGEftS AND SflA SCREENED LEGENDS 


UDR-PR1 

JDR-PR2 

3DR-PR2-PK 

JDR-PRIO 

JDB-RB1CHPK 

dDR-PR32 

JDft-PRt8 

JDR-mi6-PK 

JDR-PRi8V 


FORXT 

with *5V and g round plane i 

ABOVE WITH I/O OEGOOING LAYOUT 29 95 I 


PARTS KIT for JDH-PRZ ABOVE 

FDITAr 

BIT WITH iO DECODING LAYOUT 34.95 j 
PARTS KIT FOR JDH-PR10 ABOVE 12,95 | 

FOR PS/2 

32 SIT PROTOTYPE CARD 
16 BIT wm I/O DECODING LAYOUT 40.95 I 
PARTS KIT FOR JDR-PR15 ABOVE 15.95 
16 SIT FOR VIDEO APPLICATEONS 30.95 

EXTENDER CAROS 

SIMPLIFY PROTOTYPING AND TESTING 
EXT-eD88 e-filT FOR aoaa MOTHERBOARDS 29,95 

E]rr-g02:96 is bit for 286/m motherboards 30.05 

EXT-16 MICROCHANNEL T5 BIT 69.95 

EKT-32 MICROCHANNEL 32 Bit 90.05 J 


PC BREADBOARD-DN-A-CARD 


* 62 BUS LINES 
► USE UP TO 24 14-.PINICS | 
' 1948 TIE POINTS 
- DB25 D SUB CONNECT 

PDS-604 $49.95 


lijlpC ^^jSOUXR STAnON 

* ULapproved 

* ADJUSTABLE HEAT SETTING 

* TIP temperature READOUT 
- REPLACEMENT TIPS i§> $2.^ 

168-30 $59,96^ 


1C SOCKETS/DIP CONNECTORS 




SOtOEffMIL 

WIREWRAP 

ZIFSOeHETS 

6 PIN 5T 

.11 

8 P1N WW 

,69 

ZIF-14 

5.05 

14 PIN ST 

.11 

14 PIN WW 

£9 

2IF-16 

5.06 

16 PIN ST 

.12 

16P1NWW 

.60 

ZIF-20 

6.05 

19 PIN ST 

.15 

laPINWW 

.09 

ZIF-Z4 

7,95 

2D PIN ST 

.15 

20PiNWW 

1.09 

ZIF-a6 

7J95 

24 PIN ST 

,20 

24 PIN WW 

1.40 

ZIF-40 

10,05 

28 PIN ST 

40 PIN ST 

,22 

.30 

3&PINWW 
40 PIN WW 

1.60 

1.99 

VOLUME 


SOLDER-CUP DSUBS 


IDC'S 


IDE20 

IDE34 

IDS20 

IDS34 

IDSgSP 

IBB09S 

IDB25P 

J0B25S 


CABLES AND GENDER CHANGERS 

MOLDED; GOLD-PLATED CONTACTS/ 10?% SHIELDED 


DB09P 

.45 

DBO0S 

.49 

OB15P 

.59 

DE15S 

,69 

HDB15P 

1.40 

HDB15S 

1.60 

DB10P 

.69 

DB10S 

,75 

D025P 

.50 

DB25S 

.75 

DB3TP 

1.35 

DB37S 

1,30 

DB50P 

1.85 

DSSOS 

2,20 


CBL-PRUrTER 

CeL-PRKTH-26 

CBL-PRIHTR-RA 

CBL-DB25-MM 

CBL-QB254IP 

CBL-9-SERIAL 

CBL-KBD-OT 

CeL-CKT-MM 

CBL-FOC-BXT 

CBL-MNT-9 

CBL-UNr-15 

CDL-MODEM 

GEMDER-VOA 

GENDEH-0-25 


6 FT, PC PRINTER CABLE 
25 FT. PC PRINTER CABLE l 

RIGHT angle printer CABLE 1 

0625 MALE-DB25 MALE 6 FT 
DB25 MALE-OesS FEMALE 8 FT. 

□B9 FEMALE-DB25 MALE 6 FT. 

5 FT KEYBOARD EXTENSION 
36 PIN CENTRCXmCS M'M l 

37-PlN EXT. FLOPPY CABLE 
9-PIN MONITOR EXTENSION 
la-PtN MONITOR EXTENSION CABLE 
MODEM OB25-DB25 FEMALE 
□e9-DB 15 ADAPTOR 
DBS DB25 SERIAL ADAPTOR 


6.05 
4.05 
4.05 J 


PARTIAL LISTINGS ONLY—CALL FOR FREE 100-PG CATALOG! 

COPYRIGHT 1989 JOR MlCRODEVlCES 
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■ SMALL FOOTPRINT 

xir Lxs^W) 

’ COMPATIBLE W/SMfi OH 
MINI 2B&J3S6 MOTHER¬ 
BOARDS 



^ MODULAR CIRCUIT TECHNOLOGY 


■ ROOM FOR 6 internal 
EXPANSION CARDS 

• HOLDS THREE 5.25^ 
DRIVES AND ONE S.S" 
DHIVE {HALF HEKiHT) 

- OTO WATT POWER 
SUPPLY 

■ g OSGrr LED SPE ED 
DISPtAY 

- LEDS FOR HARD 
DISK .TURBO AND 
POWER-ON 

CASE-120 


UPRIGHT CASE 

*249^ 

SLEEK DESIGN SAVES DESK 

SPACE, ADDS STYLE i 

■ ACCOMODATES ALl Sl^ES OE 
MOTHERBOARDS 

* INCLUDES 2SC WATT POWER 
SUPPLY 

■ MOUNTS FOR 3 FLOPPY AND 4 
HARO DRIVES 

■ TURBO AND RESET SWITCHES 

* SPEED DISPLAY. POWER, 

DISK LEDS 

* MOUNTING HARDWARE, 
FACEPLATES AND SPEAKER 
INCLUDED 

CASE-100 

CASE-200 ...5409-9S 

SUPER UPRIGHT CASE 


MINI ECMMZ see 


^629 


MEMORY INTERLEAVING FOR NEAR lERO WAIT STATES, 
ft LAYER PCB FOR QUIET OPERATION. 

' SOCKETED FOR 00307 COPROCESSOR « USES SONS OR 
lOONS, 256K OH 1 MB SIP/DIP RAMS ■ 16MB RAM CAPACITY; 
SMB ON BOARD, aMB USING OPTIONAL RAM CARD {OKB 
INSTALLED) ♦ FIVE 16^IT SLOTS, TWO fl BIT SLOTS. ONE 32- 
eiT SLOT FOR PROPRIETARY RAM CARD * STANDARD XT 
HOLE SPACING - AMI BIOS ■ MEASURES S.5' X 13" 
HICT-M3eS-2D 

MCT-M366-M SMB RAM CARD, OKS INSTALLED $99.95 


MINI ZBMHZ 
SSeCACHE 


*1299 


40.7 




STANMRC CASES 

CASE-70 FULL SIZE SLIDE CASE.. $99.95 

CASE-SO FOR eoee OR MIN 1^ MOTHERBOARDS $59,95 

CASE-FLIP FLIP-TOP XT-ETYLE CASE. $39-95 

CASE-SLIDE SLIDE TYPE JtT-STYLE CASE_..... $39.95 

CASE-JR ______$149.95 

WITH! SOW POWER SUPPLY. FOR 6098 OR MIN I-288 BOARDS 

CASE-JR-200... ...$109.95 

WITH 2QDW POWER SUPPLY. FOR 6088 OR MlNI-286 BOARDS 
WTE- (lASES DO MOT INClUM DRIVES 


" I have been a customer of JOR 
for ab€Hit 5 years now, and I 
would like to tell you how 
pleased I am with the quality of 
products you sell, and the courf e- 
ous service I have received..." 

-Dave Keener, Tulsa, OK 


*999 


zcMi^zse 


fNEWLm 
PRICE! , 


■ NEAT CHIPSET HAS POWER TO 
COMPETE WITH 386 SYSTEMS - USES 
DIPS OR SIPS. EXPANDABLE FROM 
SIEKTOeWB * 20/10M^^ KEYBOARD 
SELECTABLE SPEEDS . AMI BIOS 

* SHAOOWRAMANOPAGEINTER- 
LEAVED MEMORY FOR SUPERIOR PERFORM ARGE ’ 

* fast O wait STATE OR 1 WAFT STATE FOR SLOWER RAM I 

* e.5" X 1 y FITS MOST XT. M INI-AT AND FULL SIZE AT 
CASES * FIVE ie-0IT A THREE S-BlT EXPANSION SLOTS 
- SOCKETED FOR 80287.12 MATH CO-PROCESSOR 
MCT-M286-2DN 

iyiCT-M2a6-16N 16 MHZ VERSION .... . $239.95 

MCT-M28e-12N i2MHZ VERSION ..$269.95 


^ NORTON SI 30 5 * LANDMARK AT SPEED 
40.S - 28MHZ 86386 CPU - REQUIR ES ONE 
ADDmONAL MEMORY CARD LISTED BELOW 

■ USES MEMORY CACHING FOR SUPERIOR 
PERFORMANCE » MEMORY INTERLEAVING 
FOR NEAR 0 WAIT STATE OPERATION 

■ SOCKETED FOR 00387 OR WEITEK 3167 
COPROCESSORS 

MCT-C3B6-2S. ..,..$1199-00 

4MB RAM CARD USING Z58K X 4 DRAMS {OK INSTALLED) 

MCT-C3B6-M4.$W.95 

SMB RAM CARD USING 256KX1 OR 1MBX1 DRAMS {OK INST) 

MCT-C3a0-MB___ $99.95 

16MB RAM CARD USIPWS SIP MEMORY MODULES (OK INST) 

MCT-C3e6-M16 .. W9.95 


10MHZ286 


^ 189 ** 


FULL SIZE 
25MHZ 386 

- 26MHZ 80306 MPU ■ 10MHZ/26MHZ 
KEYBOARD SELECTABLE SPEEDS ^ 

* 16MB ON-BOARD RAM CAPACITY HEW LM 

USING SIMMS LOKB INBTALLEDI ^ PtHCm 

■ SHADOW RAM FOR BIOS AND VIDEO 
‘ SOCKETED FOR 80387 OR WE3TEK 3167 
COPROCESSORS - EIGHT EXPANSION SLOTS (FIVE 1 StBR. 
THREE 8-Bin ' ADJUSTABLE BUS SPEEDS ■ INTERLEAVED 
MEMORY ■ NEAR 0 WAIT STATE OPERATION - AMI BIOS 

MCT-3e5MB25 

MCT-300MB2O 20MHZ VERSION . . $799.00 


■ AT-COMPATIBLE - NORTON SI H 2 - S/IOMHZ KEYBOARD 
SELECTABLE SPEEDS ■ EXPANDABLE TO 4Ma ON BOARD 
USING 1 MB DRAMS (BKB INSTALLED) - USES 84K, 2KKX1, 
266KX4 OR 1M B DRAMS (1 eONS FOR 1 WAIT. 10ONS FOR 0 
WAIT STATES) ♦ 0 OB 1 WAIT STATE OPERATION - FOUR 

16 -arr & three $-bit expansion slots - memory 

INTERLEAVING ■ SOCKETED FOR 80287-8 CO-PROCESSOR 

■ 0.6" X 13“ FITS MOST XT, MINI AT AND FULL SIZE AT CASES 

MCT-M2B5-ia 

MCT-«2e6-l2 8/12MHZ VERSION....$199,95 


lOMHzaoaa 


$gg98\ 


NOW USES LOW COST 256K X 4 IMB DRAMS ■ NORTON SI 
21 » XT COMPATIBLE: OPERATES AT 4.77/1 OMHZ 
‘KEYBOARD SELECTABLE CLOCK SPEEDS ‘ SOCKETEO 
FOR 8067-1 COPROCESSOR ' 8 EXPANSION S.OTS 
‘ MCT BIOS ‘ 640K RAM CAPACITY (OKB INSTALLED} 

MCT-Tuneo-10 

MCT-TUHBO 8MHZ VERSION...... $81 

MCT-X M B STANDARD 4 TTMHZ MOTH ERBOARD $87.95 


EPROM 

PROGRAMMER 


^129^^ 


- PROGRAMS 27XX AND 27XXX EPROMS UP TO 27512 
■ SPLIT OR COMBINE CONTENTS OF SEVERAL EPROMS 
OF DIFFERENT SIZES 
‘ SUPPORTS VARIOUS 
PROGRAMMING 
FORMATS AND 
VOLTAGES 

‘ HEAD. WRITE, COPY. 

BLANK CHECK AND VERIFY 
* SOFTWARE FOB HEX 
AND INTa HEX FORMATS 
MOD-EPROM 


MODULAR PROGRAMMING SYSTEM 

ALL THE MODULES USE A COMMON TfeTa * - ^ 

HOST ADAPTOR CARD, SO YOU ' f EPROM MODULE 1jL9 

.‘i ’ PROGRAMS 24-32 P IN EPROMS, CMOS EPROMS 8 

PROGRA M EPflOJWS, PROMS, E E PROMS FROM 16K TO 1024K ‘ HEX TO OBJ CON 

PALS & MORE! VERTER‘AUTO,BLANK CNECK4>ROCR AMA/ERIFY 

‘ VPP 5.125. 12.75,13, 21 i 2S VOLTS - NORMAL. 

_ intelligent, INTERACTIVE 8 QUICK PULSE 

COMMW HOST PROGRAMMING ALGORITHMS 

ADAPTOR CARD ' hod-mep 

nvMr I vn MOD-ME P-4 4 EPROM PROGRAMMER $1 69.95 

■ MOD-MEP-8 8-EPHOM PROGRAMMER_$259,95 

THE PflOGRAMM |NG MODULES I ^ MQD-MEP-18 f 8 EPROM PROGRAMMER . .. $499.95 

‘ SELECTABLE ADDRESSES 

PREVENTS CONFLICTS ^ ^ 

MOLDED GABLE \ ADOfTIONAL MODULES^ 

MOD-MAC V*V MOO-MPL PAL MODULE... $249.95 

- ^ MOO-MIC OIQITAL 1C TESTER MODULE $129,95 

UNIVERSAL * - — aqc moo-m b p bi polar prog ram module $ 259.95 

MDDULE ^ 499 ” MQD-MHP MICROPROC PROG MOD.....$179,95 

* PROGRAMS EPROMS, E E PROMS. PALS.BI POLAR PROMS, 8740 * * 

8l 8751 SE RIES DEVICES; 16V8 AND 20VS GALS (GENERIC ARRAY 1*1101 SOFTWARE Jf 

LOGIC) FROM LATTICE, NS. SGS ‘ TESTS TTL. CMOS, DYNAMIC OPVFLQPMENT 

4 STATIC HAMS ■ LOAD DISK, SAVE DISK. EDIT, BLANK CHECK, ^MPLETE EITTRY LEVEL PAL DEVELOPMENT 

PROGRAM, AUTO, READ MASTER, VERIFY AND COMPARE ^ 

■TEXT0OLS0CKETFOR .a“TO .6"WIDE IC'S ( 8 40 PINS) MOD-MPL-SOFT 

MOD-MU P 


^ ORDER TOLL-FREE 800-538-5000 

MON.-Fff/. 7 A.M. TO 5 P.M., SATURDAY, 10 A.M. TO 3 P.M. (PST) 


COPYRIGHT 1989 JOR MICRODEVICES 


JDR MICBODeViCES 2233 BRANHAM LANE, 
SAN JOS E, C A 95124 (408 ) 559-1 200 

FAX (40B} 559-0250 TELEX 171-110 
RETAIL STORE: 1256 S. SASCOM AVE., 

SAN JOSE. CA (40e) 947-8881 
HOURS: 1VI-F 9-7, SAT. 9-5. SUN. 1Z-4 
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MlCnOCOMPUTER 

_ _ MARKETING COUNCIL 

H ■& BH B ■ B d ue !>«;( MbtlbU^ 

JDR Microdevices ‘ 

• 30 DAY MONEY BACK GUARANTEE - 1 KFAff WARRANTY ON ALL PRODUCTS * TOLL FREE TECHNfCAL SUPPORT 




IPreusy^ VGA 

14" ANALOG VGA MONITOR W1T>1 GLARE-RESiSTANT 
SCREEN ■ 750 X 490 MAXIMUM RESOLUTION ■ TILTi 
SWIVEL BASE - COWTHAST AND SRIGHTNESS CONTROLS 

VGA-MONITOR 

MULTISYNCH $429.95 

AN EXCEPTIONAL VALUE ON AN OUTSTANDING DISPLAY! 

» 14" NON-GLARE SCREEN - 10E4 X 76S MAXIMUM HIGH 
RESOLUTION - CGA/EQA^VGA COMPATIBLE - TTLOR 
ANALOG MODE OPERATION 

JOR-MULTl 


VGA PACKAGE 


VGA COLOR AND CLAF R^ AT AN EGA PRICE I ♦ 8-SrT VGA 
CARO IS Fuay COMPAneLE with i&m vga »730 x nc 
MAXIMUM HESOLLJTION. 640 X 480 IN 16 COLORS ♦ 528 X 
490 RESOLUTION IN 256 COLORS ‘ HIGH RESOLUTION 
ANALOG MONITOR ' EGAA^GA^NCHROME AND HER 
CULES COMPATIBLE ♦ DRIVERS fOR WINDOWS. GEM, 
1-2.3. SYMPHONY. AUTOCAD AND VENTURA 
VGA-PKG 


SEC MULTISYNC 3D $649.95 IWfflE VGA $139.95 


1024 X 768 MAX RESOLUTION ' CGA/EGWVGA^CGA/ 
PGC COMPATIBLE ^ HERCULES OTHER STO-ADAPTORS 

NEC-MUL71-3D 


SEIKO CIVhl430 


$599.00 


* 1024 X 769 MAXIMUM HIGH RESOLUTION * SONY 
TRINITRON SINGLE GUN TUBE' T4* NON-QLARE SCREEN 

* DUAL FIXED FREOUENCV MONITOR 

CM-1430 


GRAY SCALE MONITOR- PERFECT FOR DESKTOP 
PUSLISHINQI » ULTRA HIGH RESOLUTION 900X480 

♦ 14-GLARE RESISTANT SCREEN * TILT/SWIVEL BASE 
MONO-VGA 

14" SCREEN MONO $139.95 

* GLARE-RESISTANT 14* SCREEN WITH AMBER DlSPUY 
■ 720 X3S0 RESOLUTION ^ TILT^SWIVEL BASE 

GRA-14«B 


EGA MONITOR 


$339.95 SAMSUNG FLAT 


$129,95 


14" NON GLARE SCREEN WITH 640 X 350 MAXIMUM 
RESOLUTION » DISPLAY 19 COLORS SIMULTANEOUSLY 

EGA-MONITQR 


■ 12" FUT SCREEN REDUCES DISTORTION • AMBER 
DISPLAY ' 720X350 RESOLUTION 
MOKO-SAMSUNG 


RGB COLOR 


$239.95 


LOW COST MONO 


$69.95 


■ CGA MODE DISPLAYS UP TO 16 COLORS, MONOCHROME 
MODE FOR TEXT - 14“ GLARE RESISTANT SCREEN - Mfl 
X SOT MONOCHROME - 320 X 200 COLOR RESOLUTION 

JDR-RGe 


' COMPACT AND LIGHTWEIGHT TTL MONITOR WITH 12^ 
SCREEN ‘ 720 X 350 MAX RESOLUTU^N * CHOOSE AMBER 
OR GREEN DISPLAY 
J DR-MONO GREEN DISPLAY 
JDH-AMBER AMBER DISPLAY 


CGA CARD 


$44.95 EGA CARD 


$149.95 


ISM-COMPATIBLE ADAPTOR FOR RG& MONITORS - 640 X 
200 MONO. 320 X 200 COLOR RESOLUTION - DISPLAYS 4 
COLORS SIMULTANEOUSLY ^ LIGHT PEN rNTERFACE 
HCT-CG 

MCT^CGP WITH PH INTE R PORT .. SAd.SS 

CG-COMP COMPOSITE ADAPTOR ... $4.05 


' 640 X 350 HIGH RESOLUTION ■ DISPLAYS 16 COLORS 
AT A TIME ■ COM PATIBLE WITH HERCULES. CGA AND IBM 
MONOCHROME * SOFTWARE DRIVERS FOR WINDOWS. 
LOTUS, CAO, and more ‘ 2S6K VIDEO RAM 
MCT-EGA 


MONO GRAPHICS 


$49.95 la-BIT VGA 


$199.95 


XTANDAT-COMPATieLE ^ HERCULES COMPATIBLE 
MONOQRAPHICS - SUPPORTS LOTUS 12-3 - HIGH RESO¬ 
LUTION 720 X 348 display • VLSI CHIPS ‘ CONFIGURE 
THE PARALLEL PRINTER PORT AS LPT1 OR 2 
MCT-MGP 


* 640 X 490 IN 16 COLORS ■ 25flK VIDEO RAM EXPAND¬ 
ABLE TO 512K * 64 levels OF GRAY scale 

MCT-VGA-16 

MCT-VGA-e a-BIT VERSION ... .$1 B9.&5 


$7495 

ENHANCED KEYBOARD 
WITH SOLAR CALCULATOR 

- NUMERIC KEYPAD DOUBLES AS A SOLAR-POWER MULTI¬ 
FUNCTION BUSINESS CALCULATOR. WITH MEMORY FUNC 
TIONS AND TILT-UP DISPLAY* 101-KEYS * 12 FUNCTION 
KEYS * XT-AT A PS^2 COMPATIBLE 
FC. 3 OOI 

ENfiMNCED KEYB0AR9S 

6TC-5339 101-KEY WITH 10 FUNCTKIN KEYS . $69.95 

BTC-5339R lOl-KEV. 30% SMALLER FOOTPRINT $79.95 

MAX-5339 101-KEY MAXI-SWITCH..^... $84.95 

K103-A AUDIBLE "CLICIC tOI-KEY KEYBOARD.$84.95 

SmmAltB I^YBOARDS 

BTC-5060 94-KEY WITH 10 FUNCTION KEYS .$59.95 

MAX-5060 MAXI-SW ITCH 94- K£V .$84.95 

BTC-5150 XT-STYLE 93 KEY .... $59.95 

P^MOOUIM CIIICIIIT tSmt 

DRIVE CONTROUERS 

nOPPY DISK $29.95 

INTERFACES UP TO 4 FLOPPY DRIVES TO ISM PC OR 
COMPATIBLE * DSOD AND DS/DQ COM PATIBLE 

MCT-FDC 

IMMB FLOPPY $49.95 

■ XT OR AT COMPATIBLE ■ SUPPORTS 2 FLOPPY DRIVES 
j360K, 720«, 1 2MB a 1.44MB} • "SMART CAR0“ RECOGNIZES 
OTHER CONTROLLERS- AUTOMATICALLV ASSIGNS DRIVE 
ADDRESSES, ALLOWING EASY ADDITION OF 3RCV4TH DRIVE 

MCT-FOC-HO 

MCT-FDC-HD4 4 DRIVE CONTROLLER $59.95 

HARO OtSK $79,95 

* SUPPORTS 16 DRIVE SIZES INCLUDING TO. 20.36 AND 4DMB 

- CAN DIVIDE 1 LARGE DRIVE INTO 2 LOGICAL DRIVES 
MCT-WDC 

RLL HARO DISH $39.95 

- SUPPORTS 2 RLL HARD DRIVES * 50% FASTER DATA 
TRANSFER * DESIGNED FOR XT-COMPATIBLES 

MCT-RLL 

286/385 FLOPPY/HARD $149.95 

‘ FLOPPYAIARD DISK CONTROL IN AN AT DESIGN * FOR UP 
TO 2 FLOPPIES t36QKJ72WV1 2MBn .44MB) & 2 HARD DRIVES 
MCT-AFH 

266/386 1:1 INTERLEAVE $169.95 

- CONTROLS 2 HARD & 2 FLOPPY DRIVES (a60K/72[JK/1.2M&/ 
t.44MB} -CONCURRENT ACCESS TO HARO $ FLOPPY DRIVES 

MCT-FAFH 

286/386 RU HARD DISH $199.95 

> IMPROVES AT COMPATIBLES SPEED $ STORAGE * FOR 
UP TO 2 RU HDD'S & 2 FDD'S [a60K.72DK/1.2MB 1.44MB} 

MCT-AF^RLL 

MULTIFUNCTION I/O CARDS 

MULTI I/O CARO $59.95 

. SERIAL PORT • CLOCKTCALENDAR WITH BAnPRY 

- parallel port is ADDRESSABLE AS LPTi OR LPT2 

MCT-IO 

MULTI I/O FLOPPY $79.95 

‘ SUPPORTS UP TO 2 36DK FLOPPIES 

- SERIAL PARALLEL GAME PORT AND CLOClOCALENDAR 

MCT-MIO 

MONOQRAPHICS MULTI I/O $119.75 

■ CONTROL 2 FLOPPIES * SERIAL, PARALLEL, GAME PORT, 
CLOCKX^ALENDAR * RUNS COLOR GRAPHICS SOFTWARE 
ON YOUR BLACK AND WHfTE MONITOR 

ftICT-MGMIO 

286/386 MULTI I/O CARO $59.95 

■ SERIAL PARALLEL AND GAME PORTS ' USES 16450 
SERIAL SUPPORT CHIPS FOR HIGH SPEED OPERATION 

MCT-AK) 


COPYRIGHT 1998 JDR MJCRODEVJCEB. IBM AT AND PS 2 ARE REGISTERED TRADEMARKS OF INTERNATIONAL BUSINESS MACHINES, 


APPLE AND MACINTOSH ARE TRADEMARKS OF APPLE COMPUTER INC 
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1.44MB □ 

3-1/2" omvE 

• aO TRACKS - 135 TPI - ULTRA HIGH DENSrn' 

• REALJ/WRff E 7Z0K DISKS, TOO 

• JMCLUDES ALL NECESSARY MOUMTING HARDWARE 
FDIM.44X SLACK FACEPLATE 

FOIM.44A BEIGE faceplate 

FOO-1.44SOFT SOFTWARE DRIVER.. 

FOD-3.SX 31/2" 720K (KJ^CK} .. 

FOIKJ.5A 3^1/2- 720K (BEIOE)... 

MP355A 3-1/2" MITSUSISHI L44MB. BEiGE 
MF3S5X J’1/2" MITSUBISH11.44MB. BLACK 


S19.95 

.$97.95 

*07.95 

$129.95 

$129.95 


^Seagate 


FDD-aeO S’TM" OOOBLE-SIOED OD 360K. 

FD-55B S-1/4- TEAC DOUBLE SIDED DD 360K 

FDD-1 ^51/4" DOUBLE SIDED HD 1.2M .. 

M2553K 5-1/4" FUJITSU DOUBLE-SIDED HD 1.2M.$97.95 

FD-55G 51/4“ TEAC DOUBLE-SIDED HD 1 2M.$129.95 

FD-55F 5-1/4" TEAC DOUBLE SIDED. ODTSOK...$119.95 

ARCHIVE TAPE BACK-UPS 

AR5240X 4D MB TAPE DR IVE FOR XFS & ATS $369.95 
AR5549A FAST 4^^ M6 TAPE DRIVE ATS ONLY . $369.95 


$^.95 

$89.95 


[.^MODUUIR ORCUr TECHNOUKI 

*119" 


2400/240a BAUD 
FAX/DATA MODCAf 

< 24aiV4S00 BlAUDE COMBINED M 
DATA/FAX MODEM FOR LESS F 
THAN MOST 24£M> BAUD 
MODEMS ALONE I * 4900 « 

BAUD TRANSMET4DNLY FAX W 
TO ANY GROUP HI FAX P 

MACHINE * 2400 BAUD |L 

V,22BIS DATA MODEM - XT/ jW 
AT COMPATIBLE HALF CARD 
- CONVERTS DOS TEXT. PCX & TIFF FILES FOR FAX 
TRANSMISSION * MENU-DRIVEN SOFTWARE 
MCT-FAXM 


‘ UP TO 400 DPI 

• 32 LEVELS OF GRAY SCALE ■ ' 

SPEED OVERRUN WARNING LIGHT * AUTO 

MERGE FOR LARGE HwlAGES ' INCLUDES INTERFACE CARD 

INCLUDES SC AWED IT H, PRODIGY OCR AND OH. GENIUS 

SOFTWARE 

GS-4S00 


» MICROCOM NETWORK PROTOCOL (MNP| AND V.312 
COMPATIBILITY. - eeOO/flSCtt/ 2400/1200 BPS OPERATION 
‘ FULL DUPLEX ♦ CALL BACK SECURITY - NON VOLATILE 
FLAM STORAGE FOR 10 PHONE NUMBERS - ASYNCHRO 
NOUS/SYNCHRONOUS - FULLY COMPATIBLE WITH CCfTT 
VJJ2A/.22BISA/.22, BELi/2l2A - MN P-5 FOR 100% ERROR- 
FREE TRANSMISSIONS - DATA COMPRESSION FOR 
THROUGHPUT TO 19 2K BAUD 
PflO-96E __ __—^ 


2400 04W mODEM 

- 2400/1200/300 BAUD INTERNAL ♦ FULL HAYES COM- 
PATIBIUTY' BUILT IN SPEAKER' CONFIGURABLE AS 
COM1, COM2. COM3 OR COM4 * INCLUDES PROCOMM 
COMMUNICATIONS SOFTWARE 
MCT‘241 

MCT-121 1200 BAUD VERSION ... $50,1 


' AUTO DIAUANSWER - SELF-TEST ON POWER-UP - FUL 
OH HALF DUPLEX * TOUCHTONE OR PULSE DIALING 
■ HAYES AND BELL SYSTEMS COMPATIBLE ‘ HALF CARD 
* PFKJCOMM COMMUNICATIONS SOFTWARE 

PRO-24! 

PRO-121 1200 BAUD 1/2 CARD . $69. 


USE THIS LOW-COST NETWORK CARD WUR JUST ABOUT 
ANY LAN SOFTWARE DESIGNED FOR ETHERNET 
PROTOCOLS. 

- 100% HARDWARE COMPATIBLE WITH NOVELL NE-1OTO 
ETHERNET CARD * COMPATIIQLE WITH THICK OR THIN 
ETHERNET - 15-PIN ETHERNET OONNECTOB - BNC 
CONNECTOR FOB THIN ETHERNET * INCLUDES ADOmONAL 
DRIVERS FOR OPTIONAL CONFIGURATIONS 
DFINET-300 a-fliT VERSION 

DFINET-4i)0 16-BIT VERSION ...$239.9£ 


JIM'S BARGAIN 
HUNTERS CORNER 


1355 ESDIlNTERFACE 
135S-PKG ESDI DRIVE & CONTROLLER 

1375 SCSI DRIVE..... 

1375-PKG SCSI DRIVE & CONTROLLER 


muLTH/owmi $^005 

FLOPPY COHTROLIEA rfSF 

SUPPORTS 2 FLOPPIES. SERIAL PARALLEL AND GAME 
PORTS. PLUS CLOCIOCALENDAfl. FACTORY REFURB 
MGT-MIO IF NEW *79.35 


THREE-BUTTON SERIES 9 
32U DPI RESOLUTION 
SERIAL PS/2 COMPATIBLE 


LOIrinfill 

LC>GC9 
LOGC9^Q‘ 

LOGC9-P 
LOGC9-PC 
LOQB9 
LOGB9-P 
LOGB9-PC 
•NOT PS/2 COMPATIBLE 


serial MOUSE... 

SERIAL MOUSE WITH PAINTSHOW 
SERIAL MOUSE WITH PAIISTT/GAD... 


pmfiTER CAm 

720 X34e DISPLAY, SERIAL PORT OPTIONAL. 
MCT-MG FACTORY REFURB. IF NEW *79.95 
EXPIRES 12/31/89 


1566 ESDI DRIVE 
1588 BET.SMB SCSI DRIVE 



MCOEL 

Ave. 

SPEED 

FACFOH 

Micjr 

21 6MB 

ST-12SN 

40 MS 

3-1/2" 

$299 

3i2.2MB 

ST'13aN 

40 MS 

3-1/2" 

$330 

4»,6M0 

$r*157N 

40 MS 

3 1/2" 

*389 

21.3MB 

ST-22SN 

55 MS 

5-1/4" 

$329 

43.1MB 

ST-281 N-1 

2SMS 

5-1/4" 

*419 

B4.9MB 

ST-2rTM-1 

2$ MS 

5-1/4“ 

$450 

eSMB 

5T-29SN 

28 MS 

51/4“ 

*499 

maws HAVE EMBEBOEa SCSI eatmcuiB 


SIZE 

MDDQ. 

AW. 

ii 

MfVE 

OHLY 

XT 

lor 

ATF/H 

wr 

21 4MS 

ST-22S 

65 MB 

S-1/4" 

$19* 

$249 

$300 

32 7MB RLL 

ST-^23e 

65 MS 

5-t/4" 

$218 

$279 

$379 1 

42aMB 

ST-251-1 

2@MS 

5-1/4' 

$330 

$380 

$448 

6S.5MB RLL 

ST-27T-1 

28 MS 

Sr 1/4- 

$389 

$449 

$549 

ao.2MB 

ST-4096 

2eiuis 

5-1/4- 

$550 


$878 

122.7MBRLL 

ST-414411 

2SMS 

5-1/4" 

$699 

$759 

$859 

21.4MB 

ST-125 

4PMS 

3-1/r 

$259 

$299 

$373 

32, IMS RLL 

ST-13B 

40 MS 

3-1/2" 

$289 

$339 

*429 



04I.L FOR OUR FREE lOO-PAGE CA TALOO! 

ORDER TOLL-FREE 800-538-5000 

MON.-FRL 7 AM. TO 5 P.M., SATURDAY, 10 AM. TO 5 P.M. (PST) 


Terms: mlnirnyFT order 510.GD. For shippina ^ handling 
include S3.50 Tor ground end S4.50 lor air. Orders over 1 lb 
and Idreign ordels mey require sddllldnal shipping charges 
—canlacflheSeles deperiment Iqrihearnaitni. Ci resi¬ 
dents must include applicable sales IdK Prices subject to 
change wJIhqug noiice. We are not responsible for typo 
□ raphical errors. We reserve 1he right to IittiII goanJtdies and 
lo subsliluie manufaelurer All merchandise ^ubtecl io prior 
sates. A lull copy ot our terms is evaHable upon reguesi 
Hems piclured may only be representative 
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Editorial Index by Company 


Index of companies covered in articles, columns, or news stories in this issue 
Each reference is to the first page of the article or section in which the company name appears 
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COMPANY PAGE INQUIRY # COMPANY PACE 


862 ACER AMERICA...,,185 

851 ADVANCED DIGITAL...179 

ADVANCED MICRO DEVICES.17 

ALDUS. 17 

877 ALLOY COMPUTER 

PRODUCTS.. ,,.,..309 

987 APPLE COMPUTER,,.. 137,316 

983 ASHLAR,,,.,. 81 

ASHTON-TATE . ,.,316 

AST RESEARCH.,.,,. 17 

1176 AT&T, DATA SYSTEMS GROUP „. 309 

852 AURA SYSTEMS. ,234 

U22 AUTODESK...,,,.66 

BIPOLAR INTEGRATED 

TECHNOLCXJY,.,..17 

BORLAND INTERNATIONAL.316 

1178 BROOKTROUT TECHNOLOGY... .309 
BUREAU OF ELECTRONIC 

PUBLISHING... 17 

1110 BV ENGINEERING PROFESSIONAL 
SOFTWARE.. 66 

1071 CADRE TECHNOLOGIES 154 

867 CANON U,S.A....,,,,,,,.,309 

1119 CARNEGIE GROUP,,,...66 

CARNEGIE MELLON 

UNIVERSITY...243 

CBIS...... ...141 

993 CHARTER SOFTWARE....107 

1181 CHERRY ELECTRICAL 

PRODUCTS. 320 

1102 CIRCLE SYSTEMS ......,,66 

CLARIS. 17 
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865 COMPAQ COMPUTER ,.93, 309 
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COMPUTER SCIENCE PRESS.444 
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SYSTEMS.. ..,.349 

1164 CONSUMERS SOFTWARE.. 49 

1140 CUMULUS................49 
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1109 DSP DEVELOPMENT.66 
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TECHNOLOGIES...141 
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BRITANNICA... 17 
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U71 GRID SYSTEMS.. 93 
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988 IBM,.. ,,....17,137,377 
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INMOS. 17,349 

870 INSET SYSTEMS ...,.,..309 

INTEL.. 17,333,377 

1138 INTERFACEDATA...,.49 
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GROUP. 49 
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PRODUCTS......320 
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1196 MATROX...320 

MATSUSHITA ELECTRIC. 17 

MAXEM... 17 
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1136 MEGASCAN TECHNOLOGY.49 

MEMOREX.. 17 

MERCURY COMPUTER 

SYSTEMS.....,..243 

MERIDIENDATA.......17 
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SOFTWARE. ...66 

MICROPROCESSOR FORUM..17 
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MIPS COMPUTER SYSTEMS .17 

MIT.,,...353 

MOLTECH .. 17 

MOSAIC,.. ..,.,.,316 

MOTOROLA...,.,,.,.,243 

1185 MTI..,.,. 320 
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PAPERBACK SOFTWARE..316 
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1161 PERSOFT...49 
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PRODUCTS.49 

886 PLANET SOFTWARE,,..211 

1158 POWERCORE.. 49 

1137 PRACTICAL SOLUTIONS....49 
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991 PSRC SOFTWARE.....107 
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CONTROLS....,.107 
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SOLUTIONS.49 
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1182 

DIGITAL EQUIPMENT...17 
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1103 DILG PUBLISHING..........66 
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LOTUS DEVELOPMENT .316 
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858 RADIUS_,„...189 
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INQUIRY iJ' COMPANY PACE 

986 SAMPO OF AMERICA..81 

SAMSUNG. 141 

883 SCITOR. 223 

1186 SCOTT INSTRUMENTS..J20 

SILICON BEACH SOFTWARE..287 

SOLBOURNE... 17 

880 SONY OF AMERICA. 123, 309 

1187 SPECTRUM SIGNAL 

PROCESSING............320 

878 SPEECH PLUS.309 

1121 STRATA......... ..66 

996 STRATEGIC SIMULATIONS........ 107 

SUN MICROSYSTEMS.17, 123 

856 SUPERMAC TECHNOLOGY ....... 189 

SYBASE...... 17 

1077 SYSCORP INTERNATIONAL.154 

998 TAESUNG INDUSTRIES.107 

1143 TALL TREE SYSTEMS.49 

1147 TANDY......49,316 

997 TECMAR... .....107 

1149 TEKTRONIX........49 

TELEVIDEO SYSTEMS..141 

1188 TEXAS INSTRUMENTS ...... 243, 320 

1189 THE VOICE CON NECTION.320 

THINKING MACHINES_......349 

1106 TIMESTAR SYSTEMS.66 

884 HMEWORKS.217 

1155 TOSHIBA AMERICA INFORMATION 

1172 SYSTEMS... ...49,93 

1154 TOUCHBASE SYSTEMS........49 

860 TRUEVISION. 189, 320 

1197 

U-TRON...... 141 

1179 UNIFY... 309 

UNIPRESS SOFTWARE...123 

855 UNITED INNOVATIONS... .234 

VISICORP......316 

1198 VISUAL INFORMATION 

TECHNOLOGIES...320 

1190 VOICE CONTROL SYSTEMS... .320 

1180 VOICE PROCESSING. 243, 309 

1191 VOTAN. 320 

981 WALLABY SYSTEMS.81 

1129 WANG LABORATORIES ..49 

881 WATCOM...199 

982 WORDPERFECT ...... SI 

1112 WORLD PRECISION 

INSTRUMENTS. 66 

WYSE TECHNOLOGY. 141 

1153 XIRCOM... 49 

1173 ZENITH DATA SYSTEMS.17, 93 

1124 ZSOFT. 66 


COMING UP IN BYTE 

PRODUCTS IN PERSPECTIVE: 


Short Takes for January include Fremoni Communications" Fax Board, 

Fox Software's FoxPro, Hewlett-Packard’s intelligent graphics controller, 
Artisoft’s LANtastic, and a “portable mainframe” from Opus systems. 

New product coverage continues with our What’s New section. As you can 
see from this issue, What’s New has been revamped to provide expanded 
communications coverage in a special, continuing section—Connectivity. 
Regional What's New coverage will also be undergoing some changes in the 
months ahead, with more input from local users groups in each of our major 
geographic areas. Watch for the news reflecting activities near you. 

People who spend a lot of time working with their computers necessarily 
depend on them to work at peak performance all the time. One of the major 
frustrations of all computer users, then, is a malfunction in the disk drive. 
What’s causing the problem? How do 1 fix it? Indeed, can it be fixed at all? 
Our Product Focus on disk utilities brings a ray of hope to the afflicted by 
examining an array of the most widely used self-help products on the market. 

Reviews: After BYTE’s landmark first coverage of the NeXT computer, we 
promised a full-scale review when we’d had time to really take the machine 
apart and delve into its capabilities. The time has come to deliver on that 
promise, and a system review will deliver the full story of this unique 
machine. 

We’ll also be looking at a selection of low-end introductions in 
computing’s fastest-growing segment, the laptop market. Hardware reviews 
will include a piece on high-capacity hand disk drives for the Macintosh, 
low-cost PostScript printers, and Macintosh Ethernet adapters. Language 
reviews include PC Macsyma and GoldWorks II from Gold Hill Computers; 
in the applications section, we'll look at PageGarden. The short reviews in 
our Reviewer’s Notebook lineup for January include the Fortron 386/33, 

Dr, Pascal, and TimeScribe. 

IN DEPTH: 


The In Depth section focuses on the state of chips, with pieces covering the 
current level of development in integrated circuitry. Our authors and editors 
will let you in on what the latest developments are, what they wOl mean to 
you in the coming months and years, and even how to go about creating your 
own IC designs in case there’s nothing on the market that will do what you 
have in mind. 

FEATURES: 


January is the time for the big BYTE awards feature. It's the issue in which 
we have a chance to look back at the hardware and software of the previous 
year and deliver our hindsight verdicts on those products we think are the 
most significant. And 1989 was a good year for that. Given that there are 
always strong opinions on what introductions had the most merit, we’re 
having a fine time putting this one together, and we think that will be 
reflectp n our choices. 

On I hat, we’re working on features detailing the state of Macintosh 

AI anc aert-systems software, a look at a new C programmiiig language 
for parai^ ‘I processors, and a survey of the BBS nation—what is it that 
we’re doing on-line, all the time, everywhere? 

Our columnists continue in fine form, with tips, observations, and opinions 
in our Expert Advice section, while the Hands On columns provide more 
lengthy coverage of specific areas of interest. 

And here in the back of the book, Print Queue and Stop Bit give us back- 
to-front readers the chance to show everybody else that the way we look at a 
magazine has been right all the time. 
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READER 

SERVICE 


To get further info mat ion on the products advertised in BYTE, fill out 
the reader service card by circling the numbers on the card that cor¬ 
respond to the inquiry number listed wrih the advertiser. This index is 
provided as an additional service by the publisher, who assumes no 
liability for errors or omissions. 

‘ Correspond directly with company. 
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49 BORLAND 
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495 CIRCO . PC-4 
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497 COMPUTER DISC.WAREHOUSE PC-13 
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respond to the Inquiry number listed with the advertiser. This index is 
provided as an additional service by the publisher, who assumes no 
liability for errors or omissions. 
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OSICOM TECHNOLOGIES .15-47 
PANASONIC (MONITORS) . . 271 
PAO-KU INTERNATIONAL COMW-1 
PAO-KU INTERNATIONAL COMW-1 
PAO-KU INTERNATIONAL CO SO-3 
PAO-KU INTERNATIONAL CO SO-3 

PC LINK CORP.NE-4a 

PC-PLUS TECHNOLOGIES NE-21 
PC-PLUS TECHNOLOGIES NE-21 
POLYWELL 95 

POLYWELL 95 

RADIO SHACK . ..CIV 

BAYTON COMM INC 428 

SAELIG COMPANY 426 

SCHWAB COMPUTER 414 

SIEMENS AG . . JS-67 

SIREX.IS-40 

SUPERTRON ELECTRIC CO IS-68 

TATUNG. . 195 

TECHNOLOGY POWER ENT , , 428 

TOSHIBA.76,77 

TOSHIBA.76,77 

TRIQEM.IS-81 

TRIANGLE DIGITAL SERVICES JS-54 
TUSSEY COMPUTER PROD 236,237 
RJSSEY COMPUTER PROD 236,239 


TWINHEAD INT'LCORP 
T.P. ENTERPRISE LTD. 
UNIXHOUSE.INC , 
UN1XHOUSE.INC 
WEDGETECHNOLOGY 
WEDGE TECHNOLOGY 

WINTEK . 

WINTEK CORPORATION 
Y E S. MULTINATIONAL 
Y.E S MULTINATIONAL 
ZEOS INTERNATIONAL 
ZEOS INTERNATIONAL 
ZEOS INTERNATIONAL 
ZEOS INTERNATIONAL 


IS-38 

IS-62 

127 

127 

144 

144 

9 

412 

406 

406 

148,147 

148.149 

150,161 

152,153 


816 


TERMINALS 


414 COMPUTEHWISE,INC .. lS-52 

817 UPS 

40 BEST POWER TECHNOLOGY 414 

119 EMERSON . 276 

120 EMERSON . 276 


SOFTWARE 


618 

APPLE^MAC 

-LANGUAGES 

180 

IMAGINE THAT .. 

. 358 

619 

IBM/MSDOS APPLICATIONS 



Buslneas/Offlca 

407 

ASIA DEVELOPMENT CORP IS-64 

108 

8RANDYWARE .. 

.428 

105 

0£SCRIBE,INC. 

.138439 

131 

FOX SOFTWARE. 

.20,21 

132 

FOX SOFTWARE . 

. 20,21 

162 

lNTELijGENCEWARE,tNC , ... 27 
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Page No. 


Inquiry No. 
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511 MICCASOFT.INC.SO-1 

S1Z MICCASOFT.INC . ,S0-1 

5S7 MICCASOFTJNC.NE-3 

55B MJCCASOFT.INC.NE'3 

225 NANTUCKET..257 

- OflACLE. 63 

260 POPKIN SOFTWARE.167 

276 QUARTERDECK.104,105 

' RAIMA. 55 

■ RAIMA. 114 

299 SPJ DISTRIBUTING CO .76 


620 JBM/MSDOS APPLJCATIONS 

ScientirJc/Teclinlcal 


41 BINARY ENGINEERING ...36 

52 BROOKS/COLE PU0USHING 216 

93 CUBE SYSTEMS,INC. 100 

94 CUBESYSTEMSJNC.100 

113 DSP DEVELOPMENT CORP .303 

- ECOSOFT ..72 

194 MATH SOFT,! NC.51 

• MICROSOFT.6.7 

227 NATIONAL INSTRUMENTS . . CIH 

243 PATTON 6 PATTDN.106 

261 PRECISION PLUS SOFTWARE 374 
266 SAGE/POLVTFEON SOFTWARE 261 

266 SPECTRUM SOFTWARE.265 

300 SPSS.227 

302 STATSOFT .Ill 


621 JBM/M5D0S APPLICATIONS 

Miscallaneous 


141 GENKl SOFTWARE CORP.66 

157 HYPERKINETIX.276 

158 HYPEHKINETIX.276 

• MICROSOFT.97 

366 ZEPHYR SERVICES.NE-24 

622 _ mwmuos - cad 

21 AMERICANSMALLBUS COMP135 

22 AMS.423 

383 FORESIGHT RESOURCES CORP 376 
364 FORESIGHT RESOURCES CORP 376 

139 GENERIC SOFTWARE. 221 

140 GENERIC SOFTWARE.221 


206 MICROS! M.359 

209 MICROSIM. .359 

4S3 PHOTRAX. ,.IS-S0 


365 TECHNO COMPANY.NE-29 

366 TECHNO COMPANY.NE^29 

465 TECHNO COMPANY ..MW-5 

466 TECHNO COMPANY ... . MW^S 

400 WINTEK .9 

353 WINTEK CORPORATION.412 

623 IBM/MSDOS COMMUNICATIONS 

71 COMMUNICATIONS RESEARCH. 200 

72 COMMUNICATIONS RESEARCH. 200 
111 DIVERSIFIED COMPUTER SYS 412 
307 TALKING TECHNOLOGY . . ,423 

624 _ mwmPOS — GRAPHICS 

102 DAYTRON ELECTRONICS . , 425 

113 DSP DEVELOPMENT CORP 303 
192 MAP INFO ..34 

202 METRO SOFTWARE,INC 202 

203 METRO SOFTWARE.INC.202 

244 PAUL MACE SOFTWARE.INC 260 

245 PAUL MACE SQFTWARE.tNC . 260 

625 IBM/MSDOS—LAN 


32 AVOCET SYSTEMS.329 

49 BORLAND.13 

50 BORLAND.13 

70 CNS. 196 

63 COMPUTER SYSTEMS ADVISORS163 

64 COMPUTER SYSTEMS A0VIS0RS183 

106 DIGITALK.10.11 

’ JENSEN & PARTNERS.113 

181 UHEY COMPUTER SYSTEMS 103 

164 LOGICAL DEVICES. 425 

185 LOGICAL DEVICES.425 

499 METAWARE .PC-lt 

- MICROSOFT .19 

* MICROSOFT.43 

* MICROSOFT.225 

303 STONY BROOK SOFTWARE . 204 

304 STONY BROOK SOFTWARE .. 204 

314 TERRA OATENTECHNIK.66 

315 THE SMALL COMPUTER CO . 242 

316 THE SMALL COMPUTER CO .. 242 
321 THE WHITEWATER GROUP .169 

326 TRANS ERA.184 

327 TRANS ERA ..184 

349 WATCOM.316 

366 20RTECH . 201 


627 IBM/MSDOS — UTILFTIES 


28 ATLANTIC AUTOMATION.214 

46 BLAISE COMPUTERJNC 48C 

47 BOLT SYSTEMS. 136 

4i BOLTSYSTEMS.136 

410 C SOURCE,INC.IS^ 

29 CADRE.31 

411 CLARION SOFTWARE ... . lS-9 

412 CLARION SOFTWARE.IS-9 

70 CNS...... . 196 

413 COBALT BLUE. IS-58 

63 COMPUTER SYSTEMS ADVISORS183 

64 COMPLFTER SYSTEMS ADVI30RS163 

102 C3AYTRON ELECTRONICS . 425 

126 FAIRCOM . .115 

142 GESYS SOFTWARE CON SULT1NG428 
425 GLOCKENSPIEL LTD.JS-39 

144 GOLDEN BOW.295 

145 GOLDEN BOW.29S 

430 I X I LTD.IS-56 

546 INNOVATIVE DATA CONCEPTS NE-30 

170 JYACC.INC ..192,193 

171 JYACCJNC ..192,193 

176 KNOWLEDGE DYNAMICS ... 426 

440 MASHOV..IS-65 

19S MATRIX.159 

197 MAXEM CORP . 226 

212 MICROSYSTEMS SOFTWARE . 103 

213 MICROSYSTEMS SOFTWARE . 103 

219 MIX SOFTWARE.163 

220 MKS. 125 

236 NU-MEGA.131 

261 PRECISION PLUS SOFTWARE 374 

276 QUARTERDECK. 104.105 

293 SKISOFT PUBLISHING CORP . 416 

575 SOFTBRIDGE.INC . NE-11 

459 SOLUTION SYSTEMS .lS-27 

305 SUPERSOFT. 66 

315 THE SMALL COMPUTER CO ,. 242 

316 THE SMALL COMPUTER CO.. 242 

386 TOUCHSTONE SOFTWARE . 250 

369 TOUCHSTONE SOFTWARE... 250 
330 TRAVELING SOFTWARE.119 

" VERMONT CREATIVE SOFTWARE 35 
366 ZORTECH.201 


626 


OTHER APPLICATIONS 
Bu«lne«s/Qlflca 


406 ALLOY COMPUTER PRODUCTS IS-17 
540 DRAGONS LAYER SYSTEMS NE^15 


112 DSC COMM U NICATION S.126 

417 ELONEX. 1S-4S 

‘ IBM-OS/2. .70J! 

163 INTERNATIONAL COMPUTER GR 365 

226 NETWI5E. .140 

229 NETWISE.140 

454 PROCOMP,USA INC .IS-50 

455 PROCOMP,USA INC .IS-SO 

460 SOFTTEKCOMP .IS-54 

339 ULTIMATE TECHNOLOGY_418 


90 CRICHLDW DATA SCIENCES 416 
269 SANTA CRUZ OPERATION ...61 

829 OTH ER — CROSS DEVELOPM ENT 


• SOFTWARE DEVELOPMENT SYS 83 


630 OTHER — LANGUAGES 


42 BINARY TECHNOLOGY.416 

133 FRANKLIN SOFTWARE .INC ,165 
356 Z^WORLD ENGINEERING_426 


626 f BM/MS DOS — LANGUAGES 

TO 2500 AD SOFTWARE..212 


631_OTHER — UTILITIES 

356 Z WORLD ENGINEERING_426 


832 DESKTOP 

PUBLISHING 


' ADOBE SYS. INC.69 

105 DESCRIBEJNC.131,139 

445 PACIFIC DATA PRODUCT.IS-2 

446 PACI FiC DATA PRODUCT.JS~2 

447 PACIFIC DATA PRODUCT. . .15*29 
446 PACIHC DATA PRODUCT. . iS-29 

468 PACIFIC DATA PRODUCT. . . .15*65 

469 PACIFIC DATA PRODUCT... tS-SS 

270 QMS/LASER CONNECTION . 45 

271 QMS/LASER CONNECTION ... 4S 


833 EDUCATIONAU 
INSTRUCTIONAL 

11 ABACUS SOFTWARE,]NC.46 

12 ABACUS SOFTWARE JNC . 46 

403 ADDISON-WESLEY .IS^SI 

24 ANNABOOKS.407 

* BYTE BACK ISSUES..405 

‘ BYTE BACK ISSUES .15-66 

* BYTE MARKETING.IS-72 

" BYTE PUBLICATIONS .. NE-36,37 

* BYTE PUBUCATIONS PC-14,15 

" BYTE SUB MESSAGE.220 

* BYTE SUB MESSAGE .JS-52 

- BYTEWEEK/NEWSLETTER .445 

* BYTEWEEK/NEWSLETTER. NE-6 

- DATA COMMUNICATIONS . 441 

146 GTE DATA SERVICES.468 

498 HEALD INSTITUTE OF TECH PC-9 
179 KNOWLEDGE GARDEN 443 

“ MCGRAW-HILL BOOKSTORE . 266 

* MICROOQMPUTERMKTG.CNCL . NE-34 

230 OSBORNE/MCGRAW-HILL , 366 

* UNIXWORLD . 361 

“ UNIXWORLD . .. MW-3 

“ UNIXWORLD .NE-9 


834 MAIL ORDER/ 
RETAIL 


491 

20 

39 

56 

633 

534 

62 

64 

65 

66 

73 

74 

77 

78 
497 

536 
70 

537 
530 

8S 

69 

99 

539 

309 

110 

541 

117 

125 

128 

127 

138 

143 

426 

149 

545 

546 
159 
166 
167 
166 


3*F ASSOCIATES ... .PC*1 

AMERICAL GROUP.421 

BEST COMPUTER . .. .447 

B5B ELECTRONICS.414 

CALIFORNIA DIGITAL.429 

CAMERA 0ISCOUNT CENTER NE-26 
CAMERA DISCOUNT CENTER N£ 28 

CLONE COMPUTERS.417 

CMO .172,173 

CMO . 174,175 

CMO.176,177 

COMPACT DISK PRODUCTS . 255 

COM PUC LASS ICS.301 

COMPUTER DIRECT ., 322,323 
COMPUTER DtSC.WARENCHJSE ... 311 
COMPUTER OISC.WAREHOUSE . PC-13 

computer expert.NE-14 

COMPUTER FRIENDS.117 

COMPUTER WHOLESALE CLUB . NE-19 
COMPUTER WHOLESALE CLUB NE-19 

COMPUTERLANE,INC.419 

COVOX... 416 

DAMARK.247 

DATATRONICS.426 

DIRECTOF NEW ENGLAND NE-2 
DISKCOTECH TECHNOiOGJES40S 
DISKETTE CONNECTION 421 
ELECTRIFIED DlSCOUNTERSNE-1 

ELS ENTERPRISES LTD.348 

EXHCUnVE PHOTO 5 SUPPLY 132 

EXSEL.ING..220 

EXSEL.INC. 374 

GENERAL TECHNOLOGIES . 207 

GIORDANO'S PCS.426 

GREY MATTER.iS-7l 

HARO DRIVES . ..420 

HARMONY.NE-5 

HARMONY. NE-S 

1C EXPRESS.418 

JADE COMP.PRODUCTS.415 

JAMECO. 408,409 

JB TECHNOLOGIES.407 


169 JB TECHNOLOGIES.407 

435 JB-MICRO SALES.IS-22 

6 JO.R. 430-433 

7 J.D.R. 430-433 

553 LAPTOPS, ETC.NE-27 

554 MAGITRON 1C TECHNOLOGY NE-16 

555 MANCHESTER EQUIPMENT NE-33 

193 MARYMAC INDUSTRIES.416 

196 MEAD COMPUTER . 422 

207 MICROPROCESSORS UNLIMITED 428 

- MICROWAY. 203 

513 MIGHTY MICRO.SO-16 

514 MIGHTY MICRO.SO-16 

* MONTGOMERY GRANT.306 

560 MPM.NE-25 

561 MPM.NE-25 

226 NATIONAL COMPUTER RIBBONS 196 

246 PC DESIGNS .37 

247 PC NETWORK ..... 267 

519 PHOENIX COMPUTER SO-9 

520 POINTECH DISTRIBUTORS . SO-4 

521 POINTECH DISTRIBUTORS SO-4 

573 POINTECH DISTRIBUTORS NE-20 

574 POINTECH DISTRIBUTORS NE-20 
456 PROGRAMMERS ODYSSEY .IS-43 

262 PROGRAMMERS PARADISE .57 

263 PROGRAMMERS PARADISE 58,59 


rnwunrtrvirHE-no so,39 

266 P.C.BRAND.341 

267 P.C.BRAND. 342,343 

266 P C BRAND. 344,345 

269 P.C.BRAND. 346,347 

■ OUJLL . 262,263 

457 QUOTHA 32 . . . 18-58 


500 RESOURCE CONCEPTSJNC PC-3 

501 RESOURCE CONCEPTSJNC PC-3 

522 RESOURCE CONCEPTS JNC SO-5 

523 RESOURCE CONCEPTSJNC SO-S 

291 SCOTTSDALE SYSTEMS 410 
294 SN'W COMPUTERS.124 

- SOFTLINECORP. lS-25 

6 SOFTWA R E SAM PLE R C1JU8 279 
9 SOFTWARE SAMPLER CLUB 279 
297 SOUTH COAST ELECTRONICS 414 

301 STARTECH. 426 

306 SURAH,INC.425 

374 TELEMART.427 

324 TOTE-A-LAP.416 

336 T.P.C. 410 

317 U S MICRO. .NE-10 

340 UNITEX.424 

* USA SOFTWARE IS-23 

504 WAREHOUSE DATA.PC-7 

465 WAREHOUSE DATA PRODUCTS 18-33 


835 MISCELLANEOUS 


• BUtCK. 232A-B 

53 BUICK . -.233 

547 HERTZ COMPUTER.NE-30 

" PUBLISHERS STATEMENT ... 362 

285 SAFE WARE JNC.412 

292 SILICON SHACK.416 

347 VOTRAX.44 


836 ON-LINE SERVICES 


* BIX, ... , 110 

450 BIX. . 366,369 

" BIX . . . ..NE-20 

76 COMPUSERVE.285 

136 GE INFO SERVICES (GENIE) -, 256 


• MEDCX)M IN FORMATION SYSTEMS PC-2 


837 OPERATING 

SYSTEMS 


371 DATAGENERAL ..... 290,291 

112 DSC COMMUNICATIONS.128 

172 KADAK PRODUCTS LTD 426 

275 QUANTUM SOFTWARE.67 

502 STARPATH SYSTEMS,INC . PC-5 

503 STARPATH SYSTEMS JNC . . PC-S 

317 THE SOFTWARE UNK 213 

318 THE SOFTWARE LINK.213 

343 VENTURCOM. 126 

344 VENTURCOM.126 
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REQUEST FREE INFORMATION BY FAX 


Attention BYTE Readers!! Now you can fax your requests for free product and advertiser informatk 
featured in this issue. 


Just fax this page to 1-413-637-4343. You’ll save time because your request for information will be pn 
cessed as soon as your fax is received. 



Circle the numbers 
below which correspond 
to the numbers assigned 
to advertisers and pro¬ 
ducts that interest you. 


9 Check off the answers to 

questions “A" through “C”. 



Print your name, ad¬ 
dress, and fax number 
clearly on the form. 


Q Remove this page or 
copy this page clearly 
and fax it to the numbc 
above. 


Fill out this coupon carefully. PLEASE PRINT. 


Name 


Title 


Company 


Address 


City 


SUjte/Province Zip 


Ctxintry 

C-)-- (-- .U - 

Phone Number Fax Number 

A. What is your level of management responsibility? 

1 □ Senior-level Management 

2 □ Other Management 

3 Q Non-Management 

i. What is your primary Job function/principal area of 
responsibility? (Check one.) 

4 □ Administration 

5 O Accounting/Finance 

6 □ MIS/D P/In formal ion Center 

7 □ Product Design and Development 
s □ Research and Development 

9 □ Manufacturing 

10 □ Sales/Marketing 

11 □ Purchasing 

12 □ Personnel 

13 □ Education/lYaining 

14 □ Other: __ 

C. Piease indicate your organizatton’s primary business 
activity: (Check one.) 

Computer-Related Businesses; 

15 □ Manufacturer (Hardware, Software) 

16 □ Computer Retail Stores 

17 □ Consultants 

IE □ Service Bureau/Planning 

19 □ Distributor/Whoiesaier 

20 □ Systems House/Integrator/VAR 

21 □ Other:__ 

Non-Computer-Related Businesses; 

22 O Manufacturing 

23 □ Finance, Insurance, Real Estate 

24 O Retail/Wholesale 

25 □ Education 

26 □ Government 

27 □ Military 

28 □ Professions (Law, Medicine, Engineering, Architecture) 

29 □ Consulting 

30 □ Other Business Services 

31 □ Transportation, Communications, Utiliiies 

32 □ Other:_____ 

Cl / subseribe to BYTE. O I do not subscribe to BYTE. 

[~~| Piease send me one year of BYTE Magazine for $24.95 
and bill me. valid in US. and possessions only 
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HANDS ON 

SOME ASSEMBLY REQUIRED 


continuedfrom page S92 

BuUding ihe conlents of the message 
array proceeds in much the same way as 
the GWBASTC version, (Is this any sur^ 
prise? Both languages come from Micro¬ 
soft.) The only difference is in the use of 
the VARSEG function that Fve already 
introduced in the Turbo Basic interface 
and whose operation is similar, I say 
“similar*' because here VARSEG re¬ 
turns the proper segment of the string. 
Note that» as in Turbo Basic, VARPTR() 
returns the offset of the 4-byte string de¬ 
scriptor, so you *ve got to execute a cou¬ 
ple of PEEK() functions to get the ad¬ 
dress of the string body. 

The heart of the function lies in the 
CALLINTERRUPTXO function, a spe¬ 
cialized version of QuickBASIC *s CALL 
INTERRUPT. It allows you to set the 
contents of the DS and ES registers prior 
to the CALL (a procedure that CALL IN¬ 
TERRUPT does not permit). 

The CALL INTERRUPTX() function 
requires three parameters: the interrupt 
vector to be called, a record structure 


(called a Type in QuickBASIC) defining 
the contents of the CPU registers going 
into the function, and a record structure 
to hold the contents of the registers com- 
ing out of the function. You define 

A 

am trashed 
screen can undermine 
the user's faith in an 
application. 


records using the trusty DIM statement 
(see the listing), and in this case the 
record type is internally defined as Reg- 
Type, (When you execute QuickBASIC, 
be sure to include the /L switch at the 
command line. This loads the library 


that holds the definition for the CALL 
INTERRUPTX routine,) 

TopSpeed Moduln-2 

Just when you think you've got the whole 
court covered, someone puts a spin on 
the ball that you didn’t expect. Take Top- 
Speed Modula-2's treatment of strings, 
for example. Its strings do not use a 
length byte, as Pascal’s do. Instead, 
strings are defined as character arrays 
and use a termination character—but not 
a null as in C; they use a formfeed char¬ 
acter (decimal 12). 

Listing 6 is the source code for the 
Modula’2 interface to IMAN, Once 
again, you've first got to get the string 
into a form IMAN will accept—which 
amounts to replacing the formfeed with a 
null. And when IMAN returns, you put 
the string back into a form Modula-2 will 
accept—which amounts to replacing the 
null with a formfeed. 

TopSpeed Modula-2 uses Intr() to 
call an interrupt, and, as with most other 
languages, the creators have defined a 
record type that lets you set the CPU’s 
registers. For the most part, the Modula- 
2 routine looks like a cross between the 
Pascal version and the C version. 

End of Field 

It's nice to see that at least some degree 
of compatibility isn’t all that difficult 
to achieve, even across languages. Of 
course, I owe a lot to the fact that every¬ 
thing this month is running on the IBM 
PC family of machines. It would be a 
chore—and probably a pointless one—to 
convert IMAN to the 68000 and do the 
same thing with Macintosh packages. 

Although IMAN is small compared to 
other projects Fve presented here and 
embodies almost nothing theoretical, it's 
one of those seemingly trivial tools that 
can make a great deal of difference in 
any final application. Your entry screens 
will look clean, and you won’t have to 
“?Redo from start” ever again. ■ 

Editor's note: The source code for IMAN 
is availcible as IMAN.ASM on disk and 
on B!X^ along with the examples used in 
this article. See page 5 for details. 


Rick Grehan is the director of the BYTE 
Lab. He has a B. S. in physics and applied 
mathematics and an M.S. in computer 
science/mathematics from Memphis 
State University. He can be reached on 
BIX as ^^rick^/' 

Your questions and comments are wel¬ 
come. Write to: Editor, BYTE, One 
Phoenix Milt Lane, Peterborough, NH 
03458. 


Listing 6; The IMAN interface for TopSpeed Modula-2. 

(* IMAN interface for TopSpeed Modula-2 
FROM Str IMPORT Len^h,Insert,F ob; 

FROM SYSTEM IMPORT Seg,0f3i 
FROM 10 IMPORT UrInt,UrLnj 
FROM Lib IMPORT Intr; 

IMPORT 10IStr^SYSTEM,Lib; 

VAR 

imbuf: ARRAY [Q,.79J OF CHAR; 

This procedure calla IMAM end returns the nudiber of 
characters In the field. It expects a global charncter 
** airay ijBbuf, 

ft) 

PROCEDURE 

CALLIKAN{ Imrow , imcol , inslgn, 

ljiifmilJEattr,iiiiwl,ii3iw2t INTEGER) : IMTEGER; 

VAR 

peregs ■ SYSTEM. Registers i! 
immee: ARRAY OF INTEGER; 

BEGIN 

Inser t (imbuf ,CRR(0) |Length{inibuf)3; 

IjnniestO] :=Seg(liDbuf}; (* Segiaent *) 
ljmie3[l] :^0fs(lrabuf); {* Offset #) 
ljaiifles[2] c< Q) + imcol; 

iiiunee[3]; = (iiiiBlgn << 8) + imtype; 
lrHnes[4j :^{iiiiattr << B) + Imfill; 

IF lJitype<>2 THEN lratfl:=0 
END; 

Imiilear?] << 8) + iTiTw2; 

(* Set up registers 
peregs. BX: -Offl f Irame a [0]); 
peregg ,DS: =Seg( iBHiieg[oj); 

(* Call the interrupt 
Intr(pcregs,62H); 

IF Pos(CHR(0),imbuf)=0 THEN 
RETURN 0 

ELSE 

msertt Imbuf ,CHR( 12) *Poe(0HR(0) i imbuf)); 

RETURR Length(lJiihuf) 

END; 

END CALLIMAN; 
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Sixty-One Diamonds for the Mind 

THE TURING OMNIBUS: 

61 £%cursion$ in Computer Science 

by A, K. Dewdney 




M artin Gardner’s monthly ‘*MathematicaJ Games/’ which 
dated from before some present-day readers of BYTE had 
begun to learn to county was for years and years Scientific 
American*^ single most popular feature, Gardner prided him¬ 
self on not being a mathematician. One of his strengths was a 
transparent expository manner. 

Another strength was the trust he’d earned from a network of 
professionals, for some of whom being reported on by Gardner 
could often be preferable to journal publication. John Horton 
Conway’s game of Life—“automaton” structures that mutated, 
spawned, and vanished to the baton of just two rules, even as 
they modeled vast themes of self-replication—that game, later a 
mainstay of recreational computing (not to mention MIT hack¬ 
ing), was first described in a 1970 Gardner article. 

One of his sources, the late Rufus Isaacs, once told me about 
Gardner’s idiosyncratic files, which included a folder for each 
“interesting” number. An ex¬ 
ample would be 407, the larg¬ 
est number expressible as the 
sum of the cubes of its digits. 

(Apart from 1, by the way, 
the smallest such number is 
153, and just two others exist. 

Also by the way, such files as 
Gardner’s are potentially in¬ 
finite, thanks to the proof that 
no uninteresting number ex¬ 
ists, For more about that, 
stick around,) 

I also learned from Isaacs 
how, as late as the mid-1970s, 
as the priesthood of numer¬ 
acy was getting thoroughly 
hooked on silicon, a princi¬ 
pled Gardner was still keep¬ 
ing hardware at bay. Like the 
fly-fishing gentleman who 
routinely releases the fish 
once he’s taken his pleasure 
in the exercise of elegant skill, 
he recoiled from such mecha¬ 
nized number crunching as 
simply gets you a number, 
and he tended to identify ma¬ 
chinery with that. He never 
did yield, not even to the tri¬ 
fling extent of buying—let 
alone mastering—a pocket 
calculator. 

But such purism couldn’t 


last; computation was shouldering in. Since his retirement, 
Gardner has had three successors: computer metaphorist Doug 
Hofstadter, computer connoisseur Brian Hayes, and, currently, 
computer virtuoso A. K. (“Kee”) Dewdney. Kee’s Toronto- 
based brother Christopher is a poet with scientific interests, 
whose The Immacuiate Perception (University of Toronto 
Press, 1986) is worth hunting out: the only prose-poem book 1 
can imagine that has need for a drawing of the cerebral cortex. 
Their forebear Selwyn was a minor novelist. Kee teaches com¬ 
puter science at the University of Western Ontario, in a town 
called, grandly, London, Altogether an interesting family, re¬ 
sistant to specialization in a way perhaps nowadays peculiar to 
Canada. (Let me not conceal my own Canadian origins.) 

Back in August 1988, BYTE ran my review of Etewdney’s 
The Armchair Universe, a collection of Scientific American 
pieces. The Turing Omnibus is something quite different. Al¬ 
though loyal readers will rec¬ 
ognize embedded excerpts 
from columns, its material is 
mostly new. And it displays 
computer science at ease in a 
Gardneresque terrain where 
rigor consorts with play. 

Dewdney-watchers will 
spot a familiar method. His 
initial moves generally ex¬ 
ploit the no-man’s-land be¬ 
tween computer science and 
what universities fund as 
“mathematics.” The latter, 
said Bertrand Russell, is ado- 
main where you never know 
(a) what you’re talking 
“about,” nor (b) whether 
what you’re saying is true, 
G. H, Hardy at Cambridge 
was famous for his Joy in pro¬ 
fessing a subject that had no 
applications whatsoever. 
Computerdom, though, does 
have its tests of truth (a crude 
one: stake your money on the 
printout). Also, it’s con¬ 
stantly flirting with “about.” 

Thus a spreadsheet: That’s 
“about” accounting? Yes; the 
very name is rooted in ac¬ 
counting. Yetjoin the top edge 
to the bottom, the left edge to 
continued 
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the right, and though you’ve done something of little use to an 
accountant, you’ve coped with a demon that besets program- 
mers of Conway’s Life, where the cellular automaton may try to 
shift itself clear off the edge of the paper. The way you’ve 
coped is by eliminating all edges* For the Life game demands, 
ideally, an infinite sheet, and by defining edges as joined, you 
could simulate certain properties of that boundless page—its 
unboundedness if not its infinite extent—with a spreadsheet 
like Multiplan* Eve not seen it done, though Brian Hayes did 
suggest the idea in 1983. 

ost of 

the book's excursions 
contain no formal 
algorithm whatever. 

And once you’ve centered your attention on that Multiplan 
Life game, lo, ‘‘spreadsheet” has receded to the status of meta¬ 
phor. You next realize that in buying Multiplan software, you 
acquired a way to think about manipulating symbols in space, 
never mind what its designers thought it was “for,” 

You see how such a line of thought can work us toward a do¬ 
main exempt from the obsession with special-case '‘results” 
that distressed Gardner. Such is the domain through which the 
book is driving. There, principles are at play in cascading gen¬ 
erality, though “applications” are never unthinkable. 

A neat example is tour 20, headed Generative Grammars* It 
begins by stating that “the growth of certain types of plants can 
be modeled, to an extent, by a formal scheme known as a liVi- 
denmeyer system But “such systems are really a special kind 
of generative grammar,” since “words in a formal system are 
produced by a stepwise process of replacement,” symbols being 
“replaced by certain words given in a list of ‘productions’ ” 
until growth has ceased, at which point a new “word” has been 
generated by the grammar* Compiler writers understand that 
already. The rest of us may wonder whether we’re reading 
about plants or languages* The answer is, both. 

Do not be deterred. Most of the 61 tours in The Turing Omni¬ 
bus* % repertory are as simple in principle as the two rules of 
Life. Thus, starting with the general concept of algorithms 
(tour 1), Dewdney gives us a recipe for enchiladas complete 
with a REPEAT*. .UNTIL loop (that’s when you saute 
chopped onion and clove until golden)* Then within a page 
we’ve a “wallpaper” algorithm, nine lines long including a 
FOR loop, that uses the enchilada method to place intricate pat¬ 
terns on your screen. That in turn is followed by a skeletal Pas¬ 
cal translation, just to illustrate how, the way you can imple¬ 
ment enchiladas at the stove, you can implement wallpaper at 
the terminal. At the end, we find two problems and a short bib¬ 
liography. It all takes seven pages exactly. 

Granted, the recipe/algorithm analogy has been used befonc* 
What’s peculiar to Dewdney here is his crisp economy, his 
compactness of notation, and his way of handing the details 
over to you. No more than Gardner is he a hardware buff, nor 
even, in any way Borland or Microsoft would want us to under¬ 
stand, a software buff* He’s happy weaving patterns of pure 


concept, stating them compactly, and letting us take it from 
there. If we choose to remain with just a firm understanding, 
aglow like a diamond in the mind, nothing suits him better. Or 
if we undertake a workable program in our language of choice, 
he’ll want us to enjoy the process and the results. 

Most of The Turing Omnibus excursions contain no formal 
algorithm whatever, though often, as when game trees (mini¬ 
max method) get lucidly expounded in five pages, an algorithm 
does lurk just offstage* (Minimax, after all, underlay a 1962 
program by Arthur Samuel that once beat a U.S. state checkers 
champion.) 

Or here’s tour 11, error-correcting codes, something we 
were hearing about at the lime of the Neptune flyby a few 
months back. As those pixel-by-pixel images traversed millions 
of miles, they faded toward the level of background noise* A 
pixel embraced 32 possible levels of gray; since 32 is 2*, the Jet 
Propulsion Laboratory used 5 bits per pixel? No, 32 bits per 
pixel; then redundancy could catch up lo seven errors. 

Dewdney’s wonderfully lucid diagram shows how this 
works: all meaningful combinations of 32 white and black 
squares, from which it’s evident that any two differ in exactly 
16 places. {My “meaningful” swamps much detail spelled out 
by Dewdney.) 

If only 1 bit is wrong, the transmitted pixel will differ from a 
row in the diagram by only 1 bit “and cannot be mistaken for 
any other word.” The same is true for up to seven errors. We’re 
quite safe in simply selecting the closest match. But if eight 
errors have occurred, the received word may differ from some 
other row in the diagram Just as much as it differs from the 
intended row. Then we have two choices, equally plausible. 
What’s more, we arc not stumbling forward blindfolded; we 
know about a local undecidability* (That’s a reason to transmit 
the picture more than once, random errors being unlikely to re¬ 
cur exactly*) 

Or here is the fast Fourier transform (tour 29), devised in 
1965 by Colley and Tukey and now compressed to an 11-line 
algorithm. It’s drawn on in tour 26 (CAT scanning), which 
deals with the problem of non redundantly recovering a three- 
dimensional image. 

Or, here’s the formidable predicate calculus (tour 54), “one 
of the most powerful languages known for the expression of 
mathematical ideas and thought.” Dewdney’s exposition has 
recourse to the old problem of ferrying wolf, goat, and cabbage 
across a river in a rowboat that will hold just two at a time; but 
wolf left alone with goat means an eaten goat, goal with cab¬ 
bage an eaten cabbage. (Here, by the way. I’ll register my one 
complaint. Though fluent with -h, and /, I’d welcome a 

table specifying signs I’m less used to, such as an inverted A 
and a reversed E.) 

Oh—the proof that there’s no uninteresting number? Well, 2 
is the first even, 3 the first prime (and all primes are interest¬ 
ing), 4 the first square_Keep moving along till you come to 

a number about which you can’t think of anything to say. So 
here’s the first uninteresting number! That makes it interest¬ 
ing. Now check tour 21 (recursion, via the Sierpinski curve) 
and apply such a principle recursively. QED* ■ 

Computer Science Press, New York: 19B9, 415 pages, $24.95 


Hugh Kenner is a professor of English at Johns Hopkins Univer¬ 
sity. His reviews have appeared in publications like the New 
York Times and Harper’s* His recent books include A Sinking 
Island and Mazes* He can be contacted on BIX as '*hkenner. ** 
Your questions and comments are welcome. Write to: Editor, 
BYTE, One Phoenix Mill Lane, Peterborough, NH 03458. 
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AMI BIOS with full MS-DOS, OS/2, SCO Xenix 
Novell. 3COM and PCNET compatibility 


BEST-286/16 Laptop System $2,645 



BEST-286/12 Laptop System $2^95 


286/1h (286/12) MHz 0 wait system btiard 

I MB RAM expandable to 8 MB 

10.25" Gas Plasma Screen (720 X 400 res., 4 level gray) 

EGA compatible with external adaptor 

L44 MB Floppy drive 

40 MB Hard disk 25ms (Connor) 

1 serial, 1 parallel ports 

85 key tactile keyboard w/ external keyboard connector 

MS DOS 40U GW Basic 

Size: 15" X 14.25" X 3.5" Weight: 16 lbs. 


30 DAYS MONEY BACK GUARANTY 


ONE YEAR P/L WARRANTY 


CALL FOR QUANTITY PRICE 



5017 Telegraph Road 
Los Angeles, CA 90022 

Tel; (213) 265-0900 
Tech: (213) 265-0300 
Fax: (213) 265-4234 
Toll: (BOO|«34-7920 

Outside C^l. 

CiwM Cardi Pun:hu« SubtKT to Charg* 

Mon.-Ffl 6:00 - B:00 Sat 9:00 - 6:00 Pacific Tim© 

PRICE & SPEC. ARE SUBJECT TO CMAMGE WITHOUT NOTICE 




To Order Call 1-800-634-7920 


Circle on Reader Service Card 

































STOP BIT ■ William Lee 



You don’t have to 
be crazy to do customer 
support, but it helps 


N O, the manuals aren’t lost,” 
said the client on the other end 
of the line. ”rt’s just that we 
can’t find them anywhere.” 

[ waited for her to laugh at her own 
joke before I politely joined in. But she 
just kept talking. Then it dawned on me 
that she was completely serious. 

Ever since I took a job providing na- 
tionwide personal computer support 
through a telephone help line, I have 
found myself in a state of bewildered 
amazement over the things I hear being 
said and the situations I find myself in¬ 
volved in day after day. 

Once a client called in and complained 
that ever since a power surge was in¬ 
stalled in the computer, nothing was 
working right. 

Another time, a client called in to get 
someone to tell her how to "floormat” a 
disk. 

Then there was the woman who got up¬ 
set after 1 repeatedly tried to get her to 
tell me the exact kind of personal com¬ 
puter she was having trouble with. *T told 
you I don’t know what kind of machine it 
is,” she told me heatedly. “All I know is 
that it’s an IBM that was made into a 
Compaq.” 

I remember the time an excited client 
called in to demand that someone come 
out and fix his computer now. When he 


Stop Bit i> an open Jorum far informed 
opinion on topics related to persorwl com¬ 
puting, The opinions expressed are those of 
the author and not necessarily those of 
BYTE or its staff Your contributions and 
comments are welcome. Write to: Editor, 
BYTE, One Phoenix Mill Lane, Peterbor¬ 
ough, NH 03458. 


Heard It Through 
THE Help Line 


had powered the machine on, he had got¬ 
ten the message “Bad or Missing Com¬ 
mand Interpreter” instead of the main 
menu of his accounting package, as ex¬ 
pected. When I took the call, I thought 
that such a simple problem should take 
no more than 3 minutes to solve. Little 
did I know. 

“Do you have a DOS disk available?” I 
asked. 

“DOS disk?” he asked. 

I explained to the client—after re¬ 
peated efforts—what a DOS disk was, 
and I convinced him that he probably had 
one lying around somewhere. Then T 
waited while he thrashed through piles of 
disks and stacks of user manuals (most, 
if not all, probably still wrapped in fac¬ 
tory-fresh plastic). I listened to the sound 
of objects being tossed to and fro and hit¬ 
ting the floor. Eventually, the client 
found the elusive and mysterious DOS 
disk. 

I said, “Sir, could you please put that 
disk into drive A and then reboot the 
machine?” 

“Tve got to have this machine running 
today,” he raged. “I’m losing thousands 
of dollars’ worth of business because this 
machine won’t work. I want 
somebody out here right now to fix this 
!%@?!@*#l machine. I can’t afford to 
wait another hour. It has to be running 
today, do you understand me?” 

“Yes, sir, weTl get you up and running 
in a minute. Would you please put the 
DOS disk in drive A and reboot the ma¬ 
chine?” I responded, ignoring his out¬ 
burst. 

“Reboot?” he asked, puzzled. 

I explained the process to him, and he 
was finally able to get the system booted. 
I wanted to make sure the hard disk drive 
was accessible and that his files were still 
there. The simplest way to do that was to 
execute a DIR C: directory command. 
Since this client (and many, many others 
who call in) obviously had not had a 
whole lot of personal computer training, 
I reasoned that 1 had better give him 


some practice and have him do DIR all 
by itself first, saving the exotic things 
like “Cr” for later. 

“Sir, we need to see what files are on 
that disk. Would you please type DIR and 
then press the Enter key?” 

“Please just type the letters D, /, R and 
then press the Enter key,” I repeated 
patiently. 

“Type P, R, and do WHAT?” 

“Please just type the letters D, R and 
then press the Enter key,” I responded in 
a controlled voice. 

“Type D, /, R, E, N, T, E, the 
client asked. 

“No, sir. Please type D, /, R and then 
press the Enter keyf' I said, my voice 
rising. 

“Type D, f, R and press Enter?” the 
client asked. 

“Yes, yes, press the D key, then the f 
key, then the R key, and then press the 
Enter key—four keystrokes in all,” I 
begged. 

“OK, OK,” he bellowed. 

Through the phone line I clearly heard 
the sound of keys being pressed, as the 
client followed the instructions. First 1 
heard four very slow clicking sounds. 
Then I heard a faster volley of six clicks, 
then five slower clicks, then a burst of 
profanity. Then a loud, pounding, key- 
board-destroying, machine-gun cres¬ 
cendo of clicking sounds too fast to count 
blasted across the line. Then all I heard 
was silence. 

“What’s that you said to type?” the 
client demanded belligerently. 

Situations and conversations like these 
are an everyday occurrence on the help 
line. It’s a tough job, but somebody has 
to do it. 

As soon as I find that somebody, I’ll 
gladly let him or her have my place. ■ 


William Lee is employed by a large, na¬ 
tionwide personal computer dealer (at 
least, he was the last time we checked). 
He can be reached on BIX c/o ""editors. ” 
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Are you using a DOS-based personal computer for control¬ 
ling instrumentation? Do you want the best available soft¬ 
ware tools for acquiring and analyzing data using standard 
DOS progrtunming languages? If your answer to these 
questions is yes, LabWindows^ is just the solution you’re 
looking for The unique LabWindows function panel inter¬ 
face lets you interactively control your instrumenialion 
hardware and collect data, as well as automatically generate 
Microsoft® C or QuickBASIC program code for your appli¬ 
cation* 

With LabWindows you can control GPIB. RS-232, or VXl 
instruments, or plug-in data acquisition cards for PS/2 and 
PC-AT computers. For standalone instrument users, the 
LabWindows instrument library has over 50 ready-to-use 
instrument drivers so you can program your instrument 
using intuitive instrument-specific function panels, without 
knowing the instrument inside-out. 

Because acquiring data is only one element of your applica¬ 
tion, LabWindows has a complete set of QuickBASIC and C 
compatible libraries for data analysis, preseniatioii, and 
storage. Manipulate arrays, create a histogram, or use the 
optional Advanced Analysis Library to perform operations 
such as Fast Fourier Transforms, digital filtering, and curve 


Plug-in Boards 


^lumoiiiii. 

M n w ipp M UP i 


I'be Sojiurare is tbe Insirument ™ 

12109 Technology Blvd, 

Austin, Tejus 78727-6204 
(512) 794-0100 

Circle 22? an Reader Service Card 


for a FREE 
LabWindows i.2 
Demo Disk 


fining. Give your programs a big performance boost using the 
specially optimized LabWindows analysis routines for comput¬ 
ers with an 80387 numeric coprocessor. For your data presen¬ 
tation and storage needs, use the LabWindows Graphics Library 
to create muhiplot graphs, barcharts, or scatter plots, and use the 
Data Formatting Library for data Logging and file operations. 

If youTe looking for the right tools to take maximum advantage 
of your DOS computer using QuickBASIC or C for data acqui¬ 
sition and analysis, there is only one solution...Lab Windows. 
Call National Instruments at (800) rEEE-488 to speak with a 
sale*s or applications engineer about how LabWindows can help 
you. 

Ask for a FREE Catalog 


NATIONAL INSTRLTVIENTS OF JAPAN m\ 7flfJ-l922 ■ 

NATURAL INSTkUMKNT^ OF FRANCK (I) 411fe 533711 - 
NAIIONAL INSTRUMENTS UNITED KlNGDOfVI (06) 355-23545 » 

AJWiENTnVA U) 46-5776 - AUSTRAIJA (2) 736-2SKK - BFUaUM (2) 466-K!Q9 - CANADA 
(416) 39(^2010, (613) 596-9300, (514) 747-7878. (403) 295-0S23, (604) 9SS-2t95 ' (2} 225 

3689 * DENMARK (2) 251-122 - f-LNLAND (0) 372 144 * GREECE! 1 > 361-1283 - HONG 
KONG f2) 0426-2707 - IRELAND (S46) 661414* (3) 427-2282 ' ISRAEl. (3)324 298 * ITALY 
(2> 984-91071-2-3 - KCHIEA (2) 776-5540 ■ MEXICO 5> 66IM323 * THE NKl HERLANDS (T) 
099-6360 * NEW' ZEALAND (9) 444-2645 * NORWAY (2) 53-1250' PORTlK>AL U) 545-313 - 
SLNGAPORE (65) 3364713 - SOUTH AtTUCA (011) 7874M73 ‘ SPAIN (1) 455-S112 * 
SWEDEN (8) 792- MOO ’ .SWTTZERLAND (6) 552-8949 - TAIWANTTHE REPL'BLIC OF 
CHLNA (0£2) 703-6280 " THAILAND (2) 234^9330 < WEST GERMANT (89> 80-7081 
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Business 

Products 

Team up 
for success. 

The question is productivity. 
How can you keep expanding 
your business, coordinate your 
employees and still keep 
costs down? 

By working together. Powerful 
Tandy 3 86™-based business 
computers make ideal file 
servers for proven 3Com and 
Novel! workgroups. Everyone in 
your office can access the same 
software. Cut costs by using 
shared peripherals. 

With E-mail, you can send 
memos without shuffling papers, 
and put an end to telephone tag. 

And we're on your team, too. 
Radio Shack provides the best 
support services available in 
the industry. 

Put together a winning game 
plan. Team up with Tandy 
business systems. 


Radio /haeK 

COMPUTER CENTERS 

A DIVISION OF TANDV COPIPORATiON 


3&6/TM licensed, from Intel Qjrp- 
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